1049-1-034N 



REMARKS 

Claims 1-66 are pending. Claims 1-7, 10, 15-22, 31-42, 45, 50-55 and 64-66 are 
withdrawn from consideration as being drawn to non-elected inventions. Claims 8, 9, 23, 
24, 25, 26, 28, 43, 44, 47, 56, 57, 58, 59, and 61 have been amended to better clarify 
aspects of the invention. Claims 1 1, 12, 13, 14, 27, 29, 30, 46, 48, 49, 60, 62 and 63 have 
been canceled without prejudice or disclaimer. New claims 67-70 have been added for 
consideration. Support for the new claims can be found throughout the specification and 
in the original claims as filed. Support for the amendments can be found throughout the 
specification, but in particular, on page 26, paragraphs [0070] and [0071]. No new matter 
has been entered by way of this amendment. Accordingly, if the new claims are entered 
for consideration, claims 1-10, 12, 15-26, 28, 31-45, 47, 50-59, 61, 64-70 are pending. 
Reconsideration of this application is respectfully requested. 

Requirement for Restriction/Election 

Due to the complexity of the supplemental requirement for restriction, for which 
Applicant provided a response on June 17, 2005, the Examiner has provided a summary 
of the supplemental requirement for restriction and has requested confirmation of 
Applicant's election of groups and the combination of agents on which Applicant wishes 
to pursue examination. Pursuant to the Examiner's request, Applicant confirms that 
Applicant wishes to elect the invention of: 

Section A (the at least one first agent): Group I, claims 1, 23, 36 and 56, wherein 
the at least one first agent is minocycline or any tetracycline family derivative capable of 
crossing the blood brain barrier, 

Section B (the at least one second agent, which is an anti-inflammatory): Group 
XVIII, claims 23, 36 and 56, wherein the at least one second agent is salicylates. 

Section C (the at least one second agent, (now noted as the third agent) which is 
an inhibitor of glutamate induced excitotoxicity): Group XXII, claims 28 and 61, wherein 
the at least one second agent is memantine. 

With respect to the requirement for choosing one of the four possible 
combinations of agents, Applicant elects the combination noted in 4) one agent of Section 
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A in combination with one agent of Section B in combination with one agent of Section 
C 

In addition, Applicant requests rejoinder of claims 15, 16, 17, 18, 31, 32, 33, 34, 
50, 51, 64 and 65, with the claims currently under prosecution, since they read on the 
subject matter (anti-inflammatory agents) of the claims currently elected for prosecution. 
Applicant believes that they were inadvertently left out of the list of claims noted by the 
Examiner. Accordingly, rejoinder of these claims is believed to be in order and is 
courteously requested. 

Objection to the Specification 
The Examiner has objected to the specification because of the following 
informalities: 

The word "functional" is misspelled in the title of Table 1 at the top of page 8 of 
the disclosure. The word "tetracycline" is misspelled on page 19, paragraph [0048], line 
3 of the disclosure. 

Applicant has provided a substitute Table 1 with an amended Title to reflect the 
correct spelling of the word "functional". Applicant has also corrected the spelling of the 
word tetracycline in paragraph [0048] on page 19. 

Based on the foregoing amendments, Applicant requests withdrawal of the 
objection. 

Rejection under 35 U.S.C. §112, second paragraph 

A. Regarding the term "derivative" 

The Examiner has rejected claims 9, 26, 44 and 59 under 35 U.S.C. §1 12, second 
paragraph as being indefinite. In particular, the Examiner alleges that the term 
"derivative" of present claims 9, 26, 44 and 59 is a relative term that renders the claims 
indefinite. More particularly, the term "derivative" does not particularly point out the 
degree or type of derivation that a given compound may have in relation to the parent 
compound and still be considered a derivative as intended by Applicant. The Examiner 
alleges that Applicant has provided no specific definition for this term in the present 
specification. Lacking a clear meaning of the term "derivative", the Examiner alleges that 
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the skilled artisan would not be reasonably apprised of the metes and bounds of the 
subject matter for which Applicant seeks patent protection. 

Applicant respectfully traverses the Examiner's rejection and has amended the 
claims to delete reference to the term "derivative". The claims now recite "any 
tetracycline that crosses the blood brain barrier". Applicant asserts that one of skill in the 
art would be able to understand and ascertain the limitations of the claims, as currently 
amended. Withdrawal of the rejection is respectfully requested. 

B. Regarding the phrase "related retrogenic degenerative neurological conditions" 

The Examiner has rejected claims 8-9, 11-14, 43-44 and 46-49 as being indefinite. 
In particular, the Examiner alleges that the phrase "related retrogenic degenerative 
neurological conditions" is a phrase that renders the claims indefinite. The Examiner 
alleges that the corresponding disclosure does not point out the degree or type of 
relationship that a given retrogenic degenerative condition may have to those that are 
presently claimed (AAMI, MCI, CVD or AD) and still be considered a "related 
retrogenic degenerative neurological condition". Furthermore, Applicant has not provided 
any specific definition for this phrase in the present specification. Accordingly, the 
skilled artisan would not be reasonably apprised of the metes and bounds of the subject 
matter for which patent protection is desired. Moreover, the Examiner notes that the term 
"related retrogenic diseases" is defined as neurological conditions that present some 
degree of degeneration from the normal adult neurological condition. This includes 
measurable decline of normal cognitive, neurologic, or functional capacity. 

As stated in the present application, in paragraph [0033], "The relationship between normal 
human development and AD has been termed "retrogenesis", and is defined as a process by which 
degenerative biological mechanisms reverse the order of acquisition of the same mechanisms in 
normal development." The application lists in table 1 the "levels of functional loss in Alzheimer's 
disease (AD) with corresponding developmental ages (DA) of functional acquisition" (page 8 of 
application). Accordingly, a retrogenic dementia can be defined as a dementia which follows this 
characteristic retrogenic functional clinical course in terms of sequence of loss of functional 
capacity. 
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Further in paragraph [0033], the retrogenic process "is also related to recent findings 
regarding the molecular biology of normal cellular development and the changes in these normal 
molecular processes in AD, CVD and other retrogenic dementias" (Reisberg et al., 2002, American 
Journal of Alzheimer's Disease, 17:202-212, EXHIBIT A), is cited at this point in the application. 
This reference teaches that, "The major apparent mechanism for the retrogenic phenomenon in AD 
and related dementing disorders has recently been elucidated." Activation of "mitogenic molecular 
markers including the mitogen-activated protein kinase (MAPK) cascade, cyclins, and cyclin 
dependent kinases" has been "related to the phosphorylation and hyperphosphorylation of tau, and, 
consequently, the development of neurofibrillary changes in AD" (Reisberg et al., 2002; page 
205). Therefore, the retrogenic dementias also include the category of dementias known as the 
tauopathies. 

Based on the foregoing, Applicant respectfully traverses the Examiner's rejection 
and have amended the claims to recite "related retrogenic diseases" and asserts that given 
the definition for this term in the present application, as noted by the Examiner and as 
summarized above, one of skill in the art is capable of ascertaining what cognitive or 
neurologic diseases fall within the meaning of this term, and moreover, which diseases 
would be considered a "related retrogenic disease" as currently defined in the present 
specification. It is to be understood that as defined, a retrogenic disease is one that 
includes a measurable decline of normal cognitive, neurologic or functional capacity. 
Further support for the definition of this term may be found in the reference supplied as 
Exhibit A, which is an article published in the American Journal of Alzheimer's Disease 
and Other Dementias, (Vol. 17, Number 4, July/August 2002) by the inventor of the 
present application, entitled: "Evidence and Mechanisms of Retrogenesis in Alzheimer's 
and Other Dementias: Management and Treatment Import". Based on the amendment 
to the claims, withdrawal of the rejection is respectfully requested. 

Rejection under 35 U.S.C. §102(b) 

The Examiner has rejected claims 8-9, 11, 13, 43-44, 46, 48, 56-60 and 62 under 
35 U.S.C. § 102(b) as being anticipated by Duncan (WO 02/020022 Al; March, 2002). 

The Examiner alleges that Duncan teaches the administration of a tetracycline 
compound, such as minocycline, doxycycline or any tetracycline compound of the 
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formula (I) in an effective amount for the treatment of neurologic disorders, such as 
Alzheimer's disease, in an effective amount sufficient to down-regulate microglia 
expression, activation and production. The Examiner further alleges that Duncan teaches 
that the tetracycline compound may be administered with an agent capable of inhibiting 
inflammation in tissue, e.g. steroidal or non-steroidal anti-inflammatory drugs. 

The Examiner has noted that present claims 8 and 43 require at least one first 
agent capable of inhibiting neuronal cell cycle progression at or before an early phase, at 
least one second agent capable of inhibiting neuronal cell cycle progression generally and 
optionally at least one third agent capable of inhibiting mitogenic stimulation. However, 
the Examiner notes that absent express disclosure by Applicant stating that the at least 
one first agent cannot be the same as the at least one second agent, the Examiner 
considers the use of minocycline or a tetracycline compound as taught by Duncan to meet 
both the limitation of (i) at least one first agent capable of inhibiting neuronal cell cycle 
progression at or before an early phase and (ii) at least one second agent capable of 
inhibiting neuronal cell cycle progression. 

Furthermore, the Examiner alleges that regardless of whether minocycline or a 
tetracycline compound inhibits neuronal cell cycle progression selectively at or before an 
early phase or simply "generally" as Applicant has stated in claims 8 and 43, the 
Examiner alleges that the therapeutic endpoint is still the same, i.e., the inhibition of 
neuronal cell cycle progression, irrespective of what point in the cell cycle the compound 
actually inhibits progression. Such is further support that the at least one first agent and 
the at least one second agent are not required to be distinct from one another. Thus, for 
the purposes of examination, the Examiner has interpreted the limitations to the at least 
one first agent and the at least one second agent to be met by Duncan, who discloses the 
use of minocycline or a tetracycline compound. 

In addition, while the Examiner had noted the recitation of the limitation "wherein 
the at least one first agent inhibits cell cycle progression... and/or reducing activated 
microlia-induced mitogenic stimulation" in present claim 57 (see lines 1-4) and the 
limitation "wherein the at least one first agent inhibits cell cycle progression at or prior to 
entry of a neuronal cell... and/or reducing activated microlia-induced mitogenic 
stimulation" in present claim 58 (see lines 1-4), the Examiner notes that such limitations 



21 



1049-1-034N 



are considered a functional limitation of the agents, and, thus, fail to further limit the 
claimed method. Nevertheless, the Examiner alleges that because the claimed active 
agents are also taught by the prior art of Duncan for the same therapeutic purposes, there 
is no reason to doubt that the agents of the patent publication do not selectively act on 
cells in the S or Gl phase or that they are capable of inhibiting glutamate-induced 
excitotoxicity and/or reducing activated microlial-induced mitogenic stimulation, absent 
factual evidence to the contrary. 

Lastly, the Examiner notes that while Alzheimer's disease is not expressly recited 
in present claim 8, absent factual evidence to the contrary, and absent any limiting 
definition provided by Applicant, the Examiner considers such a condition to meet 
Applicant's limitation of a "related retrogenic degenerative neurological condition". 

Applicant's Position Regarding Duncan 

Applicant respectfully traverses the Examiner's rejection and asserts that in order 
for a rejection under 35 U.S.C. § 102(b) to be proper, the reference(s) must recite each 
and every element of the invention as claimed. 

Applicant asserts that Duncan teaches the use of tetracyclines for treating 
Alzheimer's disease, Guillain Barre syndrome, adrenoleukodystrophy, Parkinson's 
disease and amyotrophic lateral sclerosis. Moreover, tetracyclines were used for their 
anti-inflammatory properties, either alone or in conjunction with another anti- 
inflammatory compound. 

The Examiner notes that Duncan does not teach the use of an inhibitor of 
glutamate excitotoxicity, such as memantine, nor does Duncan teach the use of salicylates 
as an anti-inflammatory agent, and furthermore, Duncan does not teach the treatment of 
age-associated memory impairment, mild cognitive impairment, or cerebrovascular 
dementia. Applicant is in agreement with the Examiner on these points and thus asserts 
that Duncan does not teach the methods of the present invention as currently claimed. 
Furthermore, given the current amendments to the claims, there are now further distinct 
differences between the teachings of Duncan and the present application. 
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For example, claim 8, as currently amended recites: 
"A method of treating age associated memory impairment (AAMI), mild 
cognitive impairment (MCI), cerebrovascular dementia (CVD) and related retrogenic 
diseases, comprising administering a therapeutically effective amount of: 

i) at least one first agent capable of inhibiting neuronal cell cycle progression; 

ii) at least one second agent capable of inhibiting activated microglial-induced 
mitogenic stimulation, wherein the at least one second agent is an anti-inflammatory 
agent selected from the group consisting of a non-steroidal anti-inflammatory agent 
(NSAIDS), a salicylate, a steroid and an immunophillin; and 

iii) at least one third agent capable of inhibiting glutamate-induced cytotoxicity, 
wherein the at least one third agent is selected from the group consisting of memantine, 
neramexane, amantadine, riluzole, MK801, ketamine, dextromethorphan, dextrorphan, 
phencyclidine, and dexanabinol (HU-211)." 

It is Applicant's position that Duncan did not appreciate the complexity of the 
retrogenic diseases for which the methods of treatment are disclosed in the present 
application. Nor did Duncan contemplate the use of three agents having different modes 
of action for treating patients having such retrogenic diseases, in particular, AAMI, MCI 
and cerebrovascular dementia. In fact, it was only through the work of the present 
inventor that these treatment strategies have been taught. 

Applicant asserts that while the first agent of the present invention is an agent that 
prevents neuronal cell cycle progression, and that tetracyclines have been shown to 
inhibit neuronal cell cycle progression, Applicant believes that the use of a combination 
of therapies may prove more beneficial in treating a retrogenic disease, such as those 
presently disclosed and claimed. More importantly, the combination of a first agent that 
inhibits neuronal cell cycle progression with a second agent that is an anti-inflammatory 
agent and a third agent that inhibits glutamate cytoxicity, such as memantine, is not 
taught or suggested by Duncan. Moreover, Duncan does not teach or suggest the use of 
this combination of agents for treating age-associated memory impairment (AAMI), mild 
cognitive impairment (MCI) or cerebrovascular dementia. 
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In light of the foregoing claim amendments, Applicant respectfully requests 
withdrawal of the rejection. 

Rejection under 35 U.S.C. §103(a) 

Claims 8-9, 1 1-14, 23-30, 43-44, 46-49 and 56-63 are rejected under 35 U.S.C. 
§103(a) as being unpatentable over Duncan as applied to claims 8-9, 11, 13, 43-44, 46, 
48,56-60 and 62 for the reasons made of record above, and further in view of Lipton (WO 
92/17168: 1992), Lee, et al (U.S. Patent No. 6,043,224; 2000) and Gervais, et al. (U.S. 
Patent Application Publication 2005/0031651; 2005, priority to U.S. Provisional 
Application 60/482,214 filed June, 2003). 

The Examiner notes that the differences between the Duncan reference and the 
presently claimed subject matter lie in that the reference does not teach: 

(i) the use of memantine as an inhibitor of glutamate-induced excitotoxicity; 

(ii) the use of salicylates as the anti-inflammatory agent; and 

(iii) the treatment of age-associated memory impairment, mild cognitive 
impairment, or cerebrovascular dementia. 

However, the Examiner alleges that the differences between the subject matter 
sought to be patented and the prior art are such that the subject matter as a whole would 
have been obvious at the time the invention was made to a person having ordinary skill in 
the art to which said subject matter pertains because of the following: 

(i) It is acknowledged that Duncan is silent as to the use of the disclosed composition 
(i.e., comprising minocycline (or a tetracycline compound) and an anti-inflammatory 
agent) in further combination with memantine, an inhibitor of glutamate-induced 
excitotoxicity. However, the Examiner alleges that it was well known in the art that 
memantine was useful for the same therapeutic purpose of treating Alzheimer's disease 
by reducing neuronal damage by blocking NMDA receptor-operated channel activation 
by excitatory amino acids, such as glutamate-related compounds, when administered in 
an amount sufficient to block glutamates' effect on the NMDA receptor (see Lipton, et 
al., page 4, lines 23-31, page 10, lines 14-17 and page 10, line 32, page 11, line 3). 
According to the Examiner, it would, therefore, have been obvious to a person of 
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ordinary skill in the art to employ memantine in combination with the composition 
disclosed by Duncan because each was known in the art to be successful for achieving 
the same therapeutic effect. The Examiner further alleges that the motivation to 
administer both compounds flows logically from the efficacy of each compound in 
treating Alzheimer's disease and other neurodegenerative diseases as demonstrated in the 
prior art and also because each compound has been previously administered for the same 
therapeutic endpoints. The Examiner alleges that in the absence of evidence to the 
contrary, it is generally prima facie obvious to use in combination two or more agents 
that have previously been used separately for the same purpose. See In re Kerkhoven, 
205 USPQ1069 (CCPA). 

(ii) Although Duncan broadly teaches the use of an anti-inflammatory agent, both 
steroidal and non-steroidal, in combination with minocycline or a tetracycline compound, 
the reference is silent as to the particular use of salicylates as the anti-inflammatory 
compound. However, the Examiner alleges that the use of salicylates in compositions 
effective for the treatment of neurodegenerative diseases, such as Alzheimer's disease, 
was well known in the art at the time of the invention. Lee, et al, teaches compositions 
of non-steroidal anti-inflammatory agents, such as aspirin or salicylic acid or the 
salicylates Asacol, Disalcid, Pentesa, Salflex or Trilisate, for the treatment of 
Alzheimer's disease and other neurodegenerative diseases (col. 5, lines 10-16; col. 10, 
lines 38-42 and col. 18, lines 25-58). The Examiner thus alleges that it would therefore, 
have been obvious to a person of ordinary skill in the art to employ any one or more of 
these known salicylate-type non-steroidal anti-inflammatory agents in the composition 
disclosed by Duncan because each would have been reasonably expected to exert the 
same inflammation-reducing effects as those required by the reference. 

(iii) Although the previously cited references are silent as to the treatment of 
conditions such as age-associated memory impairment, mild cognitive impairment or 
cerebrovascular dementia, such conditions were known in the art to be related to the 
peptide amyloid-P, as taught by Gervais, et al. (U.S. Patent Application Publication 
2005/0031651; page 3, paragraph [0024]). In light of the fact that Duncan expressly 
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teaches the minocycline (or a tetracycline compound)/anti-inflammatory composition 
useful for the treatment of Alzheimer's disease, which he expressly states is characterized 
by amyloid plaques associated with upregulated microglial cell expression (see page 1, 
line 28, - page 2, line 2 and 23-24) and that memantine is also useful for the same 
therapeutic objective of treating Alzheimer's disease, the Examiner alleges that it would 
have been appreciated by the skilled artisan that such a combination of agents would have 
been useful in the treatment of other disorders associated with the amyloid peptide, such 
as age-associated memory impairment (synonymous with age-related cognitive decline), 
mild cognitive impairment or cerebrovascular dementia. Such a person would have been 
motivated to treat such conditions with this combination of agents because it would have 
been reasonable expected that such a combination would demonstrate the same or a 
similar level of efficacy against other amyloid peptide related diseases as it would against 
the treatment of Alzheimer's disease. 

Moreover, age-associated memory impairment and mild cognitive impairment are 
further considered by the examiner to be progressive conditions that precede the 
development of mature Alzheimer's disease. Thus, because such a combination would 
have efficacy in treating the advanced condition of Alzheimer's disease, the Examiner 
asserts that it would also be reasonably expected that the same combination of agents 
would have efficacy in treating the less severe conditions directly associated to and 
preceding the development of advanced Alzheimer's. 

The Examiner has the initial burden of establishing a prima facie case of 
obviousness. A finding of obviousness under § 103 requires a determination of the scope 
and content of the prior art, the differences between the claimed invention and the prior 
art, the level of ordinary skill in the art, and whether the differences are such that the 
claimed subject matter as a whole would have been obvious to one of ordinary skill in the 
art at the time the invention was made. Graham v. Deere , 383 US 1 (1966). Obviousness 
cannot be established by combining the teachings of the prior art to produce the claimed 
invention, absent some teaching or suggestion that the combination be made. In re 
Stencel 828 F2d 751, 4 USPQ2d 1071 (Fed. Cir. 1987). 
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The Invention as Claimed 

The present invention, as currently claimed, teaches the use of a combination of 
three types of agents for treating retrogenic diseases, in particular, age-associated 
memory impairment (AAMI), mild cognitive impairment (MCI) and cerebrovascular 
dementia. More importantly, the present invention teaches that the first class of agents 
inhibits neuronal cell cycle progression, and these may be selected from the group 
consisting of minocycline, any tetracycline capable of crossing the blood brain barrier, 
acetylsalicylic acid, any salicylate which inhibits early phase cell cycle progression, 
sirolimus, any sirolimus derivative capable of inhibitng early cell cycle progression, 
flavopiridol, ciclopirox, a paulone, indirubin, fascaplycin, olomoucine, roscovitine, 
Aragusterol A, valproate, N-(3-chloro-7-indolyl)-l,4-benzenedisulf amide, a farnesyl 
transferase inhibitor such as Rl 15777, SCH66336 and BMS-214662, and sodium 
butyrate. The second class of agents may be selected from agents that inhibit activated 
microglial-induced mitogenic stimulation, wherein the at least one second agent is an 
anti-inflammatory agent selected from the group consisting of a non-steroidal anti- 
inflammatory agent (NSAIDS), a salicylate, a steroid and an immunophillin. The third 
agent is an inhibitor of glutamate induced excitotoxicity, and the agent may be selected 
from the group consisting of memantine, neramexane, amantadine, riluzole, MK801, 
ketamine, dextromethorphan, dextrorphan, phencyclidine, and dexanabinol (HU-211). 

The Duncan Reference 

Applicant asserts that Duncan teaches the use of tetracyclines for treating 
neurological conditions such as Alzheimer's disease, Guillain Barre syndrome, 
adrenoleukodystrophy, Parkinson's disease and amyotrophic lateral sclerosis. Moreover, 
tetracyclines were used for their anti-inflammatory properties, either alone or in 
conjunction with another anti-inflammatory compound. 

As noted by the Examiner, Duncan does not teach or suggest the use of an 
inhibitor of glutamate excitotoxicity, such as memantine. Nor does Duncan teach or 
suggest the use of a salicylate as the anti-inflammatory agent. Furthermore, Duncan does 
not teach the treatment of AAMI, MCI or cerebrovascular dementia. 
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Applicant asserts that Duncan does not teach or suggest the use of a composition 
comprising at least one first agent that is an inhibitor of neuronal cell cycle progression, 
such as tetracycline, combined with at least one second agent, such as an anti- 
inflammatory, combined with a third agent, such as an inhibitor of glutamate induced 
excitotoxicity, all as described in the present application, for the treatment of AAMI, 
MCI or cerebrovascular dementia. 

The Lee et aL Reference 

Lee et al. teach the use of compositions of non-steroidal anti-inflammatory agents, 
such as aspirin, or salicylic acid, or the salicylates Asacol, Disalcid, Pentesa, Salfex or 
Trilisate for the treatment of Alzheimer's disease. 

Lee et al. do not teach or suggest the use of a composition comprising at least one 
first agent that is an inhibitor of neuronal cell cycle progression, such as tetracycline, 
combined with at least one second agent, such as an anti-inflammatory, combined with a 
third agent, such as an inhibitor of glutamate induced excitotoxicity, all as described in 
the present application, for the treatment of AAMI, MCI or cerebrovascular dementia. 

The Lipton Reference 

Lipton teaches the use of compositions containing NMDA receptor antagonists to 
treat neurodegenerative diseases. In particular, Lipton teaches the use of compounds 
including amantadine, rimantadine and memantine to treat hypoxia-ischemic 
encephalopathy, seizures, stroke, and AIDS dementia. 

Lipton does not teach or suggest the use of a composition comprising at least one 
first agent that is an inhibitor of neuronal cell cycle progression, such as tetracycline, 
combined with at least one second agent, such as an anti-inflammatory, combined with a 
third agent, such as an inhibitor of glutamate induced excitotoxicity, all as described in 
the present application, for the treatment of AAMI, MCI or cerebrovascular dementia. In 
addition, Applicant asserts that the use of memantine for treating moderate to severe 
Alzheimer's disease was not approved by the FDA until September, 2003, following a 
study conducted by the present inventor, the results of which were not published until 
after the priority date of the present application. The article summarizing this study can 
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be found attached herewith as EXHIBIT K (New England Journal of Medicine April 3, 
2003, pages 1333-1341). 

The Gervais et al. Reference 

Gervais et al. teach a method of concomitant therapy for patients suffering from 
diseases associated with enhanced beta amyloid peptide. The therapy includes the use of 
two agents, one being an agent that either blocks beta amyloid toxicity, or prevents or 
slows the rate of beta-amyloid formation. The second agent may be an anti-inflammatory 
agent or an acetyl cholinesterase inhibitor, or an agent that further prevents beta amyloid 
formation. Other neuroprotective second agents are also disclosed. 

Gervais et al. do not teach or suggest the use of a composition comprising at least 
one first agent that is an inhibitor of neuronal cell cycle progression, such as tetracycline, 
combined with at least one second agent, such as an anti-inflammatory, combined with a 
third agent, such as an inhibitor of glutamate induced excitotoxicity, all as described in 
the present application, for the treatment of AAMI, MCI or cerebrovascular dementia. 

The analysis under § 103(a). 

Applicant asserts that the teachings of Duncan, when combined with the teachings of Lee, 
Lipton and Gervais do not teach or suggest the aspects of the present invention, as currently 
claimed. Moreover, it is Applicant's contention that one of skill in the art would not have been 
motivated to combine the teachings of Duncan with those of Lee, Lipton, and Gervais to result in 
the teachings of the present invention. Moreover, it is also Applicant's contention that, based on 
certain teachings in the art, as noted below, there would be no reasonable expectation of success if 
one were to combine the teachings of Duncan with those of Lee, Lipton, and Gervais. 

While the Examiner alleges that absent express disclosure by Applicant stating 
that the at least one first agent cannot be the same as the at least one second agent, the 
Examiner considers the use of minocycline or a tetracycline compound as taught by 
Duncan to meet both the limitation of (i) at least one first agent capable of inhibiting 
neuronal cell cycle progression at or before an early phase and (ii) at least one second 
agent capable of inhibiting neuronal cell cycle progression. Applicant asserts that while 
the present application does not expressly state that the first and second agent cannot be 
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the same agent, in particular, a tetracycline, Applicant further asserts that the differences 
between the first and second agent, as currently claimed, is inherent in the teachings 
throughout the specification and the claims as filed. 

As noted in the present application, (paragraphs [0049], [0050] and especially [0051] to 
[0053]) minocycline and other tetracycline family compounds are disclosed for use in treating 
AAMI, MCI and cerebrovascular dementia based on their cell cycle inhibitory effects and more 
particularly for their effects on early phase cell cycle progression. 

Applicant notes in the application in paragraph [0051] that: 

"These effects on the cell cycle likely account in part for other observed effects of 
minocycline including the recently uncovered effects on cerebral ischemia and inflammation 
(Yrjanheikki, et al. (1999) Proc. Natl. Acad. Sci. USA 96: 13496 - 13500; Yrjanheikki, et al. 
(1998) Proc. Natl. Acad. Sci. USA 95: 15769 - 15774)." 

Duncan refers to prior art and knowledge regarding the hypothesis that anti-inflammatory 
treatment may be useful in Alzheimer's disease. Duncan notes that "One proposed therapeutic 
approach is to minimize or prevent the inflammatory changes that occur in the brains of, e.g., 
Alzheimer's patients (Selkoe 1999). It is thought that a key cell in the cellular cascade that results 
in neuronal death in Alzheimer's disease is the microglial cell." He also notes that in the prior art 
"It has been reported that minocycline, a tetracycline compound, reduced the microglial response 
in the area surrounding areas of brain ischemia in an experimental model of stroke, and that it 
protects neurons against death in tissue culture (Yrjanheikki, et al. 1999, 1998)." 

The present application once again differs markedly from Duncan in that the present 
application suggests the utility of minocycline and related tetracycline compounds because of cell 
cycle events, not anti-inflammatory effects. Therefore, the dosage, endpoint and goal of 
administration are very different from those proposed by Duncan who suggests, "a method of 
providing ...an effective amount of a tetracycline compound sufficient to down regulate microglial 
expression, activation and production, and hence, prevent, reduce or minimize inflammation" (p.2, 
Duncan). 

Regarding the Use of Anti-inflammatories eg. salicylates, for Treating Alzheimer's Disease 

Applicant respectfully traverses the Examiner's allegations that it would be obvious to 
combine the teachings of Duncan on the use of tetracycline in combination with an anti- 
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inflammatory such as a salicylate, because it is known in the art that salicylates are useful for 
treating Alzheimer's disease. Applicant asserts that in fact, the anti -inflammatory approach to the 
treatment of Alzheimer's disease has not been successful as a first approach, which is in 
disagreement with the Examiner's allegations. For example, Aisen et al., found that the anti- 
inflammatory medications rofecoxib and naproxen do "not slow cognitive decline in patients with 
mild to moderate AD" (Aisen et ah, 2003, EXHIBIT B). In another study of patients with mild 
cognitive impairment Thai et al. found that, "The results from this MCI study did not support the 
hypothesis that rofecoxib would delay a diagnosis of AD" (Thai et al, 2005, EXHIBIT C). 
Accordingly, no anti-inflammatory compounds have been approved by the FDA or other 
regulatory agencies for the treatment of AD, MCI, AAMI, cerebrovascular dementia or other 
retrogenic dementias. 

Furthermore, the present application does not claim an anti-inflammatory agent as a first 
agent in the treatment of Alzheimer's disease (AD) or other named therapeutic entities. 
Accordingly, the present application is clearly different from the teachings of Duncan. 

Regarding AAMI and MCI to be Progressive Conditions Leading to Alzheimer's Disease 

In addition, the Examiner states (p. 17), that "age associated memory impairment and mild 
cognitive impairment are further considered by the examiner to be progressive conditions that 
precede the development of mature Alzheimer's disease. Thus, because such a combination would 
have efficacy in treating the advanced condition of Alzheimer's disease, it would also reasonably 
be expected that the same combination agents would have efficacy in treating the less severe 
conditions directly associated to and preceding the development of advanced Alzheimer's." 

The Applicant respectfully differs on each of these matters on the basis of current literature 
and knowledge. As noted by Wang et al., (EXHIBIT D), (2004) "it is unknown whether, and to 
what extent, self perceived decline is a perception of the normal aging process or might represent 
an early sign of dementia." Wang et al. note that most of the population based longitudinal studies 
have "included individuals with objective cognitive impairment and therefore were unable to 
address the question of whether subjective memory complaints were a sign of future dementia at 
an early stage when objective impairment was not evident." 

Mild cognitive impairment (MCI) is also a condition which does not necessarily progress to 
frank dementia, nor does it necessarily progress to Alzheimer's disease. In the present application, 
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Applicant notes evidence from the work which the inventor has done which indicates that cell 
cycle inhibitors may nevertheless be useful in the treatment of this condition. For example, Roach, 
(EXHIBIT E), (2005) quotes Gauthier and Touchon as stating that "although individuals with MCI 
have an increased likelihood of progressing to frank dementia during a 10 years interval many of 
them remain stable and some even revert to normal during this period" (Gauthier, Touchon 2005, 
EXHIBIT F). 

Regarding the Assumption that Medications Useful in Alzheimer's Disease are Effective in 
Treating Other Retrogenic Diseases or Conditions 

It should also be noted that there is universal agreement that medications which are 
effective for Alzheimer's disease are not necessarily effective for MCI. Clearly, there is also 
universal agreement throughout the field that medications which are effective for Alzheimer's 
disease are not necessarily, or even likely, to be effective for AAMI. 

Even within the restricted range of Alzheimer's disease, all of the medications which have 
been approved by the U.S. Food and Drug Administration have been approved for either treatment 
of mild to moderate Alzheimer's disease exclusively, or, alternatively, moderate to severe 
Alzheimer's disease exclusively. Furthermore, none of these medications are approved for 
treatment of mild cognitive impairment. In fact, despite studies in the mild cognitive impairment 
area, no medications have been approved at this time for the treatment of either mild cognitive 
impairment or age associated memory impairment. 

More specifically, the cholinesterase inhibitors, donepezil, rivastigmine and galantamine 
have been approved exclusively for the treatment of mild to moderate Alzheimer's disease 
(Physicians' Desk Reference, pages 1197-1200; 2304- 2311;1736- 1741 respectively, 2005, 
Thomson PDR). This limited approval obviously speaks volumes for the FDA's belief that a 
medication approved for a specific severity range, even within the Alzheimer's disease diagnosis, 
does not necessarily mean that the medication is effective for other severity ranges and certainly 
not for other diagnoses. 

Memantine, an NMDA receptor antagonist, has been approved by the FDA for the 
treatment of moderate to severe Alzheimer's disease (Physicians' Desk Reference, pages 1288- 
1291, 2005, Thomson PDR, EXHIBIT G). There has been an effort on the part of the clinical 
scientist to extend memantine' s approval to the range of mild Alzheimer's disease. Recently, the 
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FDA rejected memantine for approval for the treatment of mild Alzheimer's disease (FDA rejects 
memantine for mild Alzheimer's, Alzheimer's Association 2005, EXHIBIT H). 

There has been an effort to examine the efficacy of cholinesterase inhibitors in the 
treatment of mild cognitive impairment. Thus far, it is not clear whether any of them are effective 
in this disease entity. For example, Salloway et al. studied the efficacy of donepezil in a 
randomized placebo-controlled trial in mild cognitive impairment (Salloway et al., 2004, 
EXHIBIT I). They concluded that "significant treatment effects were not seen in the primary 
efficacy measures." However, they also concluded that, "outcome on secondary measures suggest 
promising directions for further evaluation of donepezil treatment in patients with MCI." 
(Salloway et al., Neurology 2004; 63:651-657, EXHIBIT I, quotes from the abstract page 651). 
Other current studies of cholinesterase inhibitors to date have either been negative or inconclusive. 

Regarding the Obviousness to Combine Two Agents 

The examiner also implies that if one medication is approved for an indication and another 
medication is also approved for that same indication, then naturally, it is obvious to everyone that 
both medications are better than one medication alone for that indication. Aside from errors in 
syllogistic logic, this reasoning in fact does not apply to Alzheimer's disease specifically, nor 
should it preclude patentability of the present invention. For example, if one prescribes a 
cholinesterase inhibitor for treating Alzheimer's disease, such as donepezil, adding another 
cholinesterase inhibitor does not increase efficacy. Such a procedure does however increase the 
potential for side effects. The reason for this is that there is a window of treatment efficacy for 
cholinesterase inhibitors in the approved mild to moderate Alzheimer's disease treatment range. If 
one exceeds this window then there is an excess of cholinergic side effects and not an increase in 
efficacy. 

There has been one study of combining the two classes of AD treatments and examining 
efficacy and side effects. This study in patients with moderate to severe AD receiving stable doses 
of donepezil, a cholinesterase inhibitor found that memantine treatment "resulted in significantly 
better outcomes than placebo." The conclusion of the study was that, "these results, together with 
previous studies, suggest that memantine represents a new approach for the treatment of patients 
with moderate to severe AD" (Tariot et al., JAMA 2004; 291: 317-324, EXHIBIT J, quotes from 
abstract, page 317). This study did not indicate whether the combination of cholinesterase inhibitor 



33 



1049-1-034N 



treatment with memantine (NMDA receptor blocker) treatment was better than either substance 
alone in the severity range of the study. 

There is some evidence that the combination of a cholinesterase inhibitor treatment with 
NMDA receptor antagonism treatment may not be additive. This study suggests that both 
treatment modalities for Alzheimer's disease may be acting on a common disease mechanism. 
Specifically, De Sarno et al., in press, conclude that, "drugs in each class of therapeutic agents 
used for AD have the common property of increasing the regulatory serine-phosphorylation of 
GSK-3 within common pools of the enzyme" (De Sarno et al., Neurobiology of Aging, in press). 

In the present application, Applicant proposes combinations of treatments which would 
have synergistic efficacy, based on Applicant's model of retrogenesis and cell cycle inhibition. 

Accordingly, Applicant asserts that it is not obvious to combine the three treatment 
modalities of the present application for the reasons cited above. 

Regarding Amyloid and Alzheimer's disease: 

The relationship between amyloid and Alzheimer's disease is unclear at the present time. 
There are many who believe that the amyloid is a "scar" of the disease and does not have any 
particular causal relationship to AD. In the case of injury to the body, scar tissue may form. This 
association does not mean that the scar caused the injury. Similarly, there seems to be some 
association between the presence of amyloid (an amorphous proteinaceous material, comprised in 
part of a protein product known as beta amyloid [A|3j, which contains varying numbers of amino 
acids, e.g., either 40 or 42 amino acids) and the occurrence of Alzheimer's disease. However, "the 
number of Ap aggregates in the brain doesn't always correlate with the severity of dementia" 
(Anderson, M.W., The Scientist, October 25, 2004, pages 28-29). Indeed studies of the 
cerebrospinal fluid (CSF) have indicated either no change in Ap peptides or a reduction. 
Specifically, there is a "reduction in CSF Ap 42" however, "there is no change in CSF Ap 40 in 
AD" (Hampel and Blennow, CSF tau and beta amyloid as biomarkers for mild cognitive 
impairment, Dialogues in Clinical Neuroscience, 2004, Vol. 6, No.4, pages 379-390, quote from 
page 383). Naturally, if Ap is related to AD one would expect an increase in the CSF content of 
this substance rather than what is observed, namely, no change or a reduction. There are various 
speculations as to possible reasons for the observed findings. 
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The Examiner's attention is drawn to the fact that no treatments for Alzheimer's disease 
based on lowering, raising, or otherwise changing beta amyloid, or any other element of amyloid 
plaques, have been approved in the U.S. or anywhere else at the present time. 

Regarding Amyloid and MCI 

Studies of the relationship between the diagnosis of mild cognitive impairment (MCI) and 
Ap have been inconsistent. For example, in the CSF studies, "one study found significant decrease 
in the CSF Apl-42 in MCI subjects compared with controls. In another study in MCI patients who 
eventually developed AD, however, 'Apl-42 levels did not differ significantly from age matched 
controls." (Hampel and Blennow, CSF tau and beta amyloid as biomarkers for mild cognitive 
impairment, Dialogues in Clinical Neuroscience, 2004, Vol. 6, No.4, pages 379-390, quote from 
page 383). Again, intuitively, one would expect an increase in Ap CSF levels, if there were a direct 
causal relationship between beta amyloid and MCI. However, what is observed is no change or a 
decrease. 

The Examiner's attention is drawn to the fact that no treatments for MCI based on 
lowering, raising, or otherwise changing beta amyloid, or any other element of amyloid plaques, 
have been approved in the U.S. or anywhere else at the present time. 

Aging is believed to be associated with an increase in beta amyloid plaques in the brain. 
Little or nothing is presently known regarding the association between beta amyloid and AAMI. 

The Examiner's attention is drawn to the fact that no treatments for AAMI based on 
lowering, raising, or otherwise changing beta amyloid, or any other element of amyloid plaques, 
have been approved in the U.S. or anywhere else at the present time. 

The relationship between vascular dementia treatment and treatment of Alzheimer's disease. 

The Examiner states that it is obvious that if a treatment is useful for Alzheimer's disease 
then it should be useful for vascular dementia. Logically, of course, this is not necessarily true. The 
literature also does not support this conclusion. For example, a prevention study of non steroidal 
anti-inflammatory drugs (NS AIDs) found that, "the long term use of NS AIDs may protect against 
Alzheimer's disease but not against vascular dementia" (Veld, et al., NEJM, 2001; Vol. 345:1515- 
21, quote from abstract page 1515). 
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The relationship between a medication which prevents an illness and a medication which treats the 
illness. 

The examiner implies that a medication which treats an illness such as Alzheimer's 
disease is likely to be useful in preventing the condition. 

Applicant respectfully asserts that this is not true. For example, in Alzheimer's disease, five 
medications have been approved for treatment in the U.S. None of these medications have been 
approved for preventing Alzheimer's disease. The same is true for other conditions. For example, 
another brain disease is schizophrenia. Many medications have been approved for the treatment of 
schizophrenia, but none of these medications have been approved for the prevention of 
schizophrenia. 

Based on the foregoing, Applicant asserts that the present invention is still 
patentable over Duncan in view of Lee, Lipton and Gervais for at least the following 
reasons: 

1. There simply is no teaching or suggestion to use a combination of three agents, 
one being a cell cycle inhibitor, one being an anti-inflammatory and the third being an 
NMDA antagonist, having the noted characteristics as currently claimed, for treating a 
retrogenic disease. 

2. There simply is no teaching or suggestion to use a combination of three agents, 
one being a cell cycle inhibitor, one being an anti-inflammatory and the third being an 
NMDA antagonist, having the noted characteristics as currently claimed for treating 
AAMI, MCI and cerebrovascular dementia. 

Based on the foregoing, withdrawal of the rejection is respectfully requested. 

Fees 

A check in the amount of $325. is enclosed to cover the fee for three new 
independent claims and one new dependent claim over 20. No other fees are believed to 
be necessitated by the foregoing response. However, if this is in error, authorization is 
hereby given to charge Deposit Account No. 1 1-1 153 for any underpayment, or credit 
any overages. 
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Conclusion 

Applicants believe that the foregoing cancellation and amendments to the claims 
place the application in condition for allowance. Withdrawal of the rejections and 
objections is respectfully requested. If a discussion with the undersigned will be of 
assistance in resolving any remaining issues, the Examiner is invited to telephone the 
undersigned at (201) 487-5800, ext. 118, to effect a resolution. 



Respectfully submitted, 




Veronica Mallon, Ph.D. 
Agent for Applicants 
Registration No. 52,491 

KLAUBER & JACKSON 
411 Hackensack Avenue 
Hackensack, New Jersey 07601 
(201) 487-5800 

Attachments: References listed as EXHIBITS A THROUGH K 
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jAbstract 

; Retrogenesis is the process by which degenerative mcch- 
finisms reverse the order of acquisition mnormtddevelojp- 
r rLit Alzheimer s disease (AD) and related conditions in the 
Senium have long been noted to resemble "a return to child- 
>hood "Previously: we noted that the Junctional stages of AD 
[precisely and remarkably recapitulated the acquisition of 
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between aging and development have long been noted 
by poets and playwrights, 13 and are incorporated in the 
vocabulary of the English and other languages. More 
than two centuries ago, physicians also began to note 
similarities between aging and normal infant-child 
development 4 In the 1960s and 1970s, de Ajuriaguena 
and associates observed that the decline of certain capac- 
ities in dementia appeared to reverse Piagefs develop- 
mental stages. 5 - 7 

Functional retrogenesis 

Systematic empirical studies of the symptomatology 
of brain aging and progressive Alzheimer's disease (AD) 
in the 1980s resulted in the description of 16 successive 
functional stages and substages that were incorporated in 
the functional assessment staging (FAST) procedure.*-* 
Simultaneously, this functional progression was recog- 
nized as reversing the order of acquisition of the same 
functions in normal human development (Table l). lD 
Also immediately observed was that this functional pro- 
gression was characteristic, but not pathognomonic, of 
die dementia of AD. 1 M2 

One concern of subsequent research was validating 
this characteristic functional progression of AD. Strong 
correlations with existing dementia measures (e.g., the 
Mini-Mental State Exam [MMSE] 13 ) were immediately 
apparent; 8 however, the final six to eight FAST substages 
occurred after the MMSE produced floor effects. 
Consequently, new measures needed to be developed for 
assessment of cognition in severe dementia* and the latter 
portion of the FAST had to be validated against these new 
measures. This was accomplished over the next decade J 4 
Other investigations concerned the "criterion validity* 1 of 
the FAST progression of AD. The FAST progression 
showed unprecedented strong relationships to neu- 
ropathology post-mortem assessments of hippocaxnpal 
volume loss, 15 cell loss, 16 and neurofibrillary changes 16 
in AD. In another "criterion validity" study of the 
prospectively charted longitudinal course of AD, the 
FAST accounted for approximately twice the variance in 
temporal course of that explained by the MMSE. 17 

Consequently, these investigations indicated that: 

• A characteristic functional course of AD was 
identifiable with the FAST staging procedure; and 

• This characteristic course reversed normal hu- 
man functional developmental acquisition. 

Cognitive retrogenesis 

The FAST staging procedure was developed from efforts 



to systematically describe optimally concordant ordinal 
assessments of progressive changes in AD. 1 8 These efforts, 
in turn, followed from the development of the Global 
Deterioration Scale (GDS). t9 One of the conco rdant ordinal 
assessments developed was praxic capacity. 20 Studies 
demonstrated that the evolution of praxic defic it in AD fol- 
lowed the retrogenic pattern, 21 Furthermore, if the FAST 
stages of AD and the corresponding praxis sta ;es of loss in 
AD were each translated into corresponding dc velopmental 
ages (DAs) t the loss of praxic capacity in AD occurred, on 
average, at the same DA as the loss offunctionc I capacity. In 
Other words, cognitive retrogenesis in AD couk I be shown as 
concordantly mirroring functional retrogenesis 

Research from other centers also demonstrated the 
phenomenon of cognitive retrogenesis in AI>. For exam* 
ple F a study of the MMSE, a measure developed for the 
assessment of cognition in AD and other dei nentias, was 
conducted in normal children. The investigators found 
an equally robust relationship between MMSE scores 
and mental age (MA), based on IQ scores in children, as 
has been observed between MMSE scores and ray inde- 
pendent, objective dementia assessment in J lD. 32 

We adapted a Piagetian test battery, the Uzgiris and 
Hunt Ordinal Scales of Psychological Development, for 
use in assessment of residual cognition in AD 13 and 
observed very strong relationships (r = 0.8) between the 
resulting measure (denoted M-OSPD) anc FAST mea- 
surements of functional deterioration in / JX 14 Thorn- 
bury compared performance on Piagetian tasks by AD 
patients with MMSE scores and obtained a s imilar corre- 
lation (i.e., r = 0.8) to that which we hav 5 noted with 
FAST scores and Piagetian measures^ 4 

Therefore, we determined the following: 



• Cognitive retrogenesis appears to be as 
functional retrogenesis. Specifically, 
measures appear to be Just as good at 
normal human development as they t 
suring dementia. Conversely, infant-ch 
opmental measures appear to be just 
measuring dementia in AD as in measuring 
nitive development; and 
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• Cognitive retrogenesis appears to occur, 
tain perspectives, concordantly with / 
functional retrogenesis. It appears that 
and functioning are linked in the samt 1 
qualitative and quantitative relationship 
men Ha as they are in normal developmei it 
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Tabic 1* Functional landmarks in normal human development and Alzheimer's disease* 
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degeneration in AD were established and the DAs corre- 
sponding to these landmarks were identified, other 
aspects of the iatrogenic process could be studied. In a 
series of studies, we identified characteristic behavioral 
and psychological symptoms of dementia and the stages 
in the evolution of dementia at which these symptoms 
emerged.^ 37 Interestingly and importantly, many of 
these symptoms occurred at precisely the point that 
would be anticipated from the corresponding DA of the 
AD patient. 2 *- 2 * 

Neurologic retrogenesis 

Neurologic release signs, also, referred to as primitive- 
developmental, or neonatal reflexes because of their 
occurrence in normal infancy, have long been known to 
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occur in elderly persons and dementia patients. 
Systematic studies precisely measured these 
established the precise stages in the evolution 
which they emerged. 5 * 06 These studies in 
many of the same reflexes that are used 
emergence from normal infancy to early 
appear to be equally robust markers of the 
the infantile DA stage of AD {Le. % movement 
end of FAST stage 6, into FAST stage 7), 36 
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neuropathology pattern in AD in terms of neuronal cell 
loss/* neitrometabolic change/* neurofibrillary change/ 9 
and myelin vulnerability- 39 " 40 

Biomolecular retrogenesis 

The major apparent mechanism for the retrogenic 
phenomenon in AD and related dementing disorders has 
recently been elucidated. The response of the neuron to 
stressors, including beta-amyloid, is an attemptto regen- 
erate 41 ^ 2 The result of this mitogenic stimulus is the 
activation of various mitogenic molecular markers, 
including the rnitogen-activated protein kinase (MAPK) 
cascade, cyclins, and cyclin-dependent kinases/ 3 " 53 
Activation of MAPK in the hippocampus has been 
shown to be linked to contextual and spatial memory for- 
mation m the hippocampus. 54 * 57 Activation of these fac- 
tors in some cases appears to precede the development of 
neuronal neurofibrillary changes/ 5 - 4 * Some of these mito- 
genic factors have been related to the phosphorylation 
and hypcrphosphotylation of tau v and, consequently, the 
development of neurofibrillary changes in AD.*"* 39 
Reactivation of mitogenic factors has also been related 
to apolipoprotein (APP) processing into amyloidogenic 
elements. 60 3 

Consequently, this biomolecular research in AD indi- 
cates that the most metabolically Active regions of the 
brain in AD, which are the most capable of responding to 
a mitogenic stimulus, are the most vulnerable in ADS** 9 
These phenomena clearly appear to account for the neu- 
ropathologies neurologic, cognitive, functional, and 
emotional retrogenic phenomena reviewed in the pre- 
ceding sections. 

Risk factors for dementia and retrogenesis: 
Arboreal entropy 

Some AD and dementia pathogenic factors currently 
have been associated with mitogenic factor activation. 
These include hypoxia and beta-amyloid (1 -42).° How- 
ever; other risk factors for AD have, at this time, been relat- 
ed primarily to myelin disturbance. These include low 
vitamin B12 levels, folate deficiency, increased serum 
homocysteine levels, and increased serum methylmalonic 
acid levels, 61 ** 3 Atherosclerosis and cerebrovascular dis- 
ease are other risk factors associated with AD. which have 
been primarily associated with myelin disruption. 6 ** 6 

Therefore, a full understanding of the retrogenic process 
in AD probably encompasses myelin as well as mitogenic 
neuronal reactivation. The process of myelination is now 
known to continue well into the latter portion of life, 
Neurons that are myelinated early in the life become 
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Possibly, myelin plays a role not onxy in me conduction ot 
electrical impulses in the neuron, but also in projection and 
maintenance of the oligodendroglial, myelin, pnd axonal 
relationship, 1 - 67 Consequently, the most recently affected, 
and, asa result, most thinly myelinated brain regions, may 
be the most vulnerable to injury. 67 J 

A terminology that appears to describe the pattern of 
neuronal vulnerability accounting for the retrogenic 
observations is arboreal entropy. Just as die bark of a tree 
protects it from external injury and, to some extent, the 
thicker the bark, the greater the protection, the i nyelin pro- 
tects the axon and its neuron. Hence, to some extent, we 
may say the thicker the myelin, the greater the protection. 
However, just as a tree can also be attacked from the 
inside, which ultimately rots the bark, the a ton can be 
attacked from the. inside. For example, neurofibrillary 
changes and neuro tubular changes, secondary to mito- 
genic factor activation and tau hyperphosphorylation, can 
result in axonal destruction and resultant myelin loss. 
Note that the myelin is a living, metabolically active part 
of the axon of the neuron, with a membrane running 
through it, which is an extension of the cell (ax orial) mem- 
brane. As a metabolically active cellular c omponent, 
myelin is vulnerable to cellular and axomal inj ary. 

Retrogenesis in non-AD dementias 

At present, it is clear that the biomolecular factors and 
myelin vulnerability factors, which produce the phe- 
nomenon of retrogenesis in AD, frequently operate in 
other dementia disorders as well 

For example, investigators who have studied 
phase mitotic markers cyclin Bl and ede 2 hi 
dementing disorders have found increased activ fty 
ety of dementias, including, in addition to AD, ^ 
drome, fiontotemporal dementia linked to chrc. 
amyotrophic lateral sclerosis (ALS) dementia 
Guam, Niemann Pick disease type-C, progress 
clear palsy, corticobulbar degeneration, and 
ease. A common feature in most of these den tentias 
occurrence 

of hyperphosphorylated tau, although 
form necessarily associated with AD type ne jrofibrillary 
tangles. In contrast, these investigators founi 
increased activity of these particular M-phase ±l 
ers in Parkinson's disease (PD), Huntington's 
ALS. multiple sclerosis (MS), pituitary adenoma, 
dementia, arid fungal infection. 55 

Also, conditions such as vitamin B 12 deficiency 
hyponatremia clearly can produce myelin 
that may result in dementing conditions. 

The extent to which non-AD dementias 
genie pattern of progressive clinical patholbgy 
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dependent, in part, on the occurrence of retrograde bio- 
molecular and neuropathology phenomena. 

Management import of retrogenesis in AD 

An understanding of the phenomenon of retrogenesis 
in AD permits the foundation of a new science of AD 
rarr. 29 This science is based on fundamental human 
needs, which apply to humans at all ages, and an under- 
standing of the DA of the AD patient. Fundamental 
human needs include those for movement, socialization, 
love, and dignity. Typically, these fundamental needs are 
frequently not understood in the AD patient. 

For example, in nursing homes in the United states, 
until recently, late-stage AD patients were routinely put 
into "gen-chairs," which prevented ambulation, to pre- 
vent falling. The situation would he an alogous to locking 
in&nts in chairs to prevent falling. The AD patients com- 
monly developed deformities, probably in large part 
because of their restricted movement. 6 * Infants who 
wen similarly restricted also would probably develop 
deformities. 

To cite another example, although everyone knows 
infants need overt expressions of love, love is not fre- 
quently provided to AD patients. This is especially true 
of late- stage AD patients in nursing homes. 

In many ways, the situation today is quite similar to 
the 1 8th century, when psychiatric patients were kept in 
chains and there was little understanding of mental ill- 
nesses. An understanding of retrogenesis provides a 
basis for more sophisticated principles of care. 

A new science of AD care 
based on retrogenesis 

The new science of AD care can be formulated into 
axioms, postulates, and caveats. Axioms in this context 
arc self-evident basic human needs and desires, applica- 
ble at all ages. Postulates are testable hypotheses of AD 
— patient care. Treatment, based on the postulates, is 
dependent on satisfaction of the axioms. Caveats are 
exceptions to the DA-retrogenesis model, based on the 
nature of human aging and AD. The science of AD man- 
agement is the clinical science and art of AD patient 
care, based on the interaction of the axioms, postulates, 
and caveats* 

Care axioms 

Examples of the axioms of AD management include 
the following 4 . 

Axiom I: All human beings avoid trauma and humilia- 
tion. AD patients; at any stage, avoid or rebel. against 



experiences that are perceived as humiliating 
prominerit humiliating experience for the ACT patient is 
appearing u stupid." Therefore, even early in t ic disease 
process, patients may avoid being questioned. As the dis- 
ease progresses, patients may resist the humiliation of 
requiring a caregiver. So-called "delusions," s icb as that 
people are stealing things, have a psychologic lasis inso- 
far as AD patients at these stages prefer to accus e others of 
taking things, rather than accept the humiliatioi \ of admit- 
ting to themselves or others that they cannot ret lember. 

Axiom II: All human beings seek a sense ofacco 
plishmenL In early AD (GDS stage 4), thi i sense of 
accomplishment can come from continued^ >ductivity. 
For example, an artist may continue to paint A lawyei 
may continue the pretense of working on c ases. One 
judge had his daughter write opinions. GDS stage 5 
patients may continue to insist that they an; working, 
even if they have been forced to retire. Later in AD, a 
sense of accomplishment may come from foic ing towels 
and other simple D A-appropriate activities. 

This axiom has important corollaries (te., co i sequences 
or results which follow fiom the axiom), which a re: 



• All human beings resist losses; 



■ A sense of accomplishment can be 
beginning with what an AD patient can 
building upon this; and 



fostered by 
io and 



• A sense of accomplishment comes from practic- 
ing an area of residual expertise or learning new 
things* 



Axiom III: All human beings seek a sense 
and self worth. This dignity and self-worth 
from practicing previously mastered skills, 
come from optimal participation in "adult" at 
it may also be fostered by introducing neceksary 
givers as "friends/* A corollary of this is that 
patient perceives an activity as "infantile" or 
and, therefore, as an affront to his or her r 1 
may become angry and refuse to participate 

Axiom IV: All human beings are social 
Therefore, the social needs of the AD pat 
throughout the illness process. Eveq in th 
(GDS and FAST stage 7), patients continuf 
interaction with caregivers and others for 
physical health and well-being. 

Axiom V: All human beings seek praise 
lance. As social organisms, AD patients 
require positive social reinforcement f 
course of the illness process in order to 
motivation and skills. 
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/corn One aspect of this capacity to learn is that AD 
patients can be retrained in many of the skills they have 
lost by breaking the tasks down into small stages, which 
are achievable, and praising the patient for his or her 
accomplishments. . , 

Axiom VU: All human beings require love This is nec- 
essary for the emotional and physical health of the AL> 
oatient at all points in the illness process. 

Axiom Villi All human beings have the capacity for 
happiness if basic needs are fulfilled. This means that 
AD is a physiologically congruent process. As such, it 
proper care is provided and social, emotional, and other 
needs arc met, AD patients need not suffer and they can 
derive satisfaction from their existence. 

Axiom IX: All human beings have the need for physi- 
cal movement. Indeed, movement is sometimes said to 
be a fundamental feature of animal life. As is the case ot 
the other axioms, this fundamental need is frequently 
ignored or not recognized in AD patients to such an 
extent that, until recently, AD patients were routinely 
restrained in order to prevent falling. Naturally, this 
restraint actually increased falls in patients, who were 
made increasingly unstable from the restraints. Hence, 
the need for movement remains frequently unrecognized 
in the AD patient. 

Axiom X: All human beings have the capacity to remem- 
ben As is true of many of the other axioms, this basic human 
capacity is frequently not recognized, particularly in the. late- 
staeefGDS and FAST stage 7) AD patient. If the person s 
memory is placed in the context of die DA of the AD patient, 
his or her memory capacity becomes comprehensible and 
assessable. Just as a one-year-old child will forget people 
and events more quickly, a stage 7 AD patient will forget 
people and events more quickly than a healthy adulL Three 
weeks is a very long time for a stage 7 AD patient or a one- 
year-old child As is true of all humans al all ages, emotional 
memories are particularly strong in AD. 

Axiom XT: All human beings have the capacity to 
think. As with other basic human capacities, this one is 
sometimes not recognized in the AD patient— with dele- 
terious consequences. For example, caregivers may 
sometimes speak unfalteringly about the late stage 6 and 
early stage 7 AD patient, thinking that, because the 
patient cannot articulate, he or she does not understand. 
The patient may become agitated in response to the care- 
giver's uneropathetic comments. Unfortunately, the 
caregiver, not recognizing the patient's comprehension, 
may think the agitation is sporadic and arbitrary, rather 
than a response to the crude and critical remarks. 

Axiom XII: All human beings seek to influence their 
environment. This basic human need and desire is also 
frequently underestimated in the stage 7 AD patient. For 
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make their desire known and many become — 
violent, if not "listened to." 

AxlomXIU: All human beings have a sense 
i e. likes and dislikes. Just as infants will throw away a 
toy they do not like, an AD patient has preferences that 
are expressed and can be interpreted at any stage. These 
preferences are sometimes not recognized. Fo ■ example, 
a case manager recommended "any ID bracelet" for an 
early stage 6 AD patient because "she won't 
actuality, this patient would have been highly 
an unattractive plastic bracelet and wished to 
sense of style and beauty. 

Care postulates 

i die retrogenesis observations 



iotice.**In 
insulted by 
maint ain a 



reviewed in the 
is sub- 
of some of 



; postulates 



'by 
exam >le : 



The postulates are based on 
and the DA model of the stages of AD, 

preceding sections. The validity of the p 

ject to scientific investigation. A summary 
the major postulates follows. 

Postulate I: The magnitude of care and Supervision 
required by an AD patient, at a DA. is mi 
amount of care and supervision required 
infant at the corresponding DA. For exa 
patient at GDS and FAST stage 7, correspo nding 
infancy DA. requires approximately the sam< s 
care and supervision as an infant.- 9 

Postulate 11: The kinds of activities enjoy* d by 
patient, at a particular DA. are mirrored by the I 
activities enjoyed by children at a corresponding 
For example, just as child of age two to fi* 
enjoy working on puzzles, drawing with 
assisting with simple household chores, siro 
are appropriate for the GDS and FAST 
patient at a corresponding DA. 

Corollaries of postulate II include the following: 



mirrored by the 
a child or 
t, an AD 
to an 
amount of 



find 



- The kinds of activities that children 
ening or upsetting at a DA.are mirrored _„ 
kinds of activities AD patients find upsetting 
corresponding DA; 

■ The kinds of activities that a child 
"childish" or "babylike" at a particuIai[pA, 
mirrored by the kinds of activities an 
may find humiliating; and 

» The kinds of activities that promote healthy 
optimal motor development in children 
larly the kinds of activities which - 
motor degeneration in AD. 
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farm in an o* ^a of residual expertise is dependent on the 
ptlwfsDA. If a child at the particular DA can master 
^tc task, an AD patient at the corresponding DA poten- 
tially can retain the residual capacity. Variability in AD 
patients 9 loss of capacity is mirrored by a corresponding 
variability in children's ability to master the task. 
Therefore* expectations must be in accord with the DA 
of the AD patient A corollary of this postulate is that as 
an AD patient approaches loss of capacity, they develop 
anticipatory anxieties. For example, AD patients com- 
monly develop anxieties regarding toileting in FAST 
stage 6c, prior to loss of urinary continence in FAST 
stage 6d. Similarly, some patients develop anxieties, 
about completing their income tax in GDS and FAST 
stage 4. 

Postulate IV: Previous experiences may determine the 
kinds of activities enjoved by an AD patient. For exam- 
ple, one GDS stage 6,' FAST stage 6d AD patient was 
very anjeious about having her front yard clean. 
Naturally, an urban patient might not be interested in 
cleaning a yard 

Postulate V: The emotional level of the AD patient is 
dependent on the DA. For example, just as a two to three 
year-old child may become "cnuiky" at various points in 
the day, a stage 6d AD patient at a corresponding DA 
may develop "mood swings " 

Postulates Viz Life experiences appropriate to the DA 
become most relevant for AD patients at any particular 
stage. For example, a man's only interest may have been 
his Work. However, at stage 5 (DA of five to seven 
year*), much of the interest in his previous job (e.g., 
business, medicine, etc.) is lost At this point, DA-appro- 
piiate activities can be introduced. 

Postulate VII: Socialisation of the AD patient is 
dependent on the DA. For example, just as an infant of a 
year old or less does not yet relate socially with other 
infants, a GDS and FAST stage 7 AD patient does not 
relate or socialize with other stage 7 patients. 

Postulate VIII: Diversity in children *s and infants ' 
activities and interests h mirrored in diversity in AD 
patients interests and activities at a corresponding DA. 
A corollary of this is that just as all normal, healthy, chil- 
dren at a given age clearly can be shown to have much in 
common, despite acknowledged diversity, all •'uncom- 
plicated" AD patients at a given stage have much in 
common, despite acknowledged diversity. For example, 
all normal, healthy, one-year-old children have much in 
common with each other in comparison with normal, 
healthy, 12-year-old children. Conversely, all GDS stage 
7, FAST stage 7a, uncomplicated AD patients have 
much in common, as compared to all uncomplicated 
stage 4 AD patients. 
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at a JJA are mirrorea oy me emotional cnungexuutcr 

in children at a. corresponding DA. This is simi tar to pos- 
tulate V, but concerns specifics. For example, delusions 
occur in AD patients that are very similar to Childhood 
fantasies at the corresponding DAs. 37 " 29 i 

Postulate X: Care settings appropriate to A 9 patients 
at a DA are mirrored by care settings appropriate to 
children at the corresponding DAP A corollary of this 
postulate is that just as institutions would be considered 
an inappropriate and undesirable care setting for infants 
and toddlers, institutions are inappropriate settings for 
the care of GDS and FAST stage 7 and stige 6 AD 
patients. Therefore, resources currently devot fd to nurs- 
ing home care probably should be shifted to ca re in com- 
munity residences. 

The analogy of nurseries and schools for children to 
day-care centers for AD patients also applies in this 
regard. 

Postulate XI: Vulnerability (emotional, physical, and 
cognitive) of the AD patient at a DA is mirrored by the 
vulnerability of children at the corresponding DA. For 
example, just as an infant is vulnerable to soci al depriva- 
tion, poor care, and physical insult, a stage 7 AD patient 
is vulnerable to social deprivation, poor care, and physi- 
cal insult. The result of these social, cmoional, and 
physical injuries is excess disability. 

Postulate XII: The need of an AD patient fir physical 
movement is mirrored by the corresponding DA. A 
young child requires more than simply walks or running 
back and forth for optimal physical growth and attain- 
ment Motor development in children is alsc dependent 
on the child dressing, developing eating skills, ball play- 
ing, and other skills. The same kinds of skills are 
required by the AD patient to prevent precipi tous physi- 
cal decline. 

Postulate XIII: Just as one judges develop iment in an 
infant or child by what the infant or child cw\ do and has 
achieved, not by what the infant or child cannot do. the 
AD patient at any particular DA should be assessed in 
terms of his or her residual skills and accorr plishments, 
what they have learned and releamed, not t y what they 

cannot do. ' 

Postulate XIV: The developmental analogy is suffi- 
ciently strong to trigger DA-appropriaU childhood 
memories, beliefs, and anxieties in theADpatienU For 
example, most FAST stage 6e AD patients will state that 
their parents are alive. These D A-appropria ;e memories 
are the basis of the statement, incorpoiated in the 
Blessed et al. dementia scale, that AD patients tend to 
dwell in the past 69 

Postulate XV: The language changes of the AD 
patient are mirrored by the DA. For example, when 
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speech abilities break down in the AD patient at FAST 
staged, patients commonly develop "vertigeration 
and neologisms, which are very similar to the babbling 
of infants as they acquire speech at an equivalent DA. 

Care caveats 

Caveats which modify the retrogenic-DA model of 
AD make the care and management of the AD pabent a 
complex art as well as a science. Some of the major 
caveats arc enumerated below. 

Caveat I: Development in infants and children ts 
accompanied by increasing expectations, whereas AD at 
all stages is accompanied by progressively diminished 
expectations. These contrasting phenomena are accompa- 
nied by widely divergent social consequences For exam- 
ple the societal tendency is to praise children and to 
be^mc frustrated with AD patients. However, growth, 
within the context of an individual's capacity for growth, 
is dependent on praise for one's accomplishments. 

Caveat II: AD patients experience developmen tally 
analogous brain changes: however, they do not undergo 
developmental^ analogous physical changes. Therefore, 
AD patients are physically larger and more formidably 
appearing than children. Furthermore, until stage 7 AD 
patients have the physical habitus of a normal adult. 
These physical features produce special consequences 
for AD patients in comparison with children. For exam- 
ple, the AD patient's normal appearance conveys a level 
of sagacity and competence, which is not assumed to be 
present in children at the same DA. 

Also, because of the absence of a physical retrogene- 
sis the physical capacities of the AD patient may some- 
times exceed those of DA-comparable children and 
infants. For example, a very well cared for GDS stage 7, 
FAST stage 7b patient who receives retraining can be 
relatively dexterous as compared to a one-year-old. For 
sample, one GDS 7, FASTTb patient was able to lace, 
button, and slip on clothing. t 

Another consequence of the AD patients size and 
Strength in comparison with their DA peers is that a 
grasp reflex in a stage 7 AD patient can be much stronger 
and more difficult to release then an infant's grasp reflex, 
with consequences for the management of the AD 
patient. 70 , 

Caveat III: AD patients can. to some extent, draw 
upon previously mastered skills, whereas infants and 
children may not have access to these skills. Conse- 
quently, AD patients may be relatively skilled and "pre- 
cocious" in comparison with their chronologically 
younger DA peers. For example, even in late stage 7, 
long after serviceable speech has been lost, AD patients 
may occasionally (e.g.* during their sleep, or in response 
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to startle or pain) utter seemingly forgotte i 
Infants do not have access to such words. 

Caveat IV: AD patients can f to some — 
upon previously mastered knowledge, whereas 
and children mav not have access to this knowhdgi 
example, a GDS and FAST 7d AD patient wtjo 
had an immaculate household uttered "aagh 
caregiver dropped shoes in the middle of the i 
same 7d AD patient would *Svhack" a caregiver 
her elbows on the table* 

Caveat V: AD patients are older than their 
and old age predisposes to various physical ' 
that influence the life and experience of an 
For example, cataracts predispose AD patient? 
hallucinations. 

Caveat VI: AD patients appear to be mor ? 
rigiditv than their DA peers. The causes 
include the AD patients' brain disease in the s 
physical involution and the relative immobility 
patients. The rigidity can greatly increase 
the AD patient, ultimately resulting in conti 
Caveat VII: AD patients can potentially 
on a task longer than infants or children 
sponding DA. Conversely, infants and children 
distractible and impatient than AD patients. * 
pie, one GDS 7, FAST 7c AD patient is know 
a newspaper for perhaps an hour. An 11 
infant will look at a book for a few minutes. 

Caveat VIII: AD patients appear to be less 
by the world and less inquisitive than infa** 
dren at a corresponding DA. For example, 
old child may continuously ask questions, — 
is this?" whereas an AD patient at GDS 6, 
is not inquisitive in this manner. 
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Care science 



Therefore, a care science in AD can 
universal human, retrogenic, and AD-specifi 
The ingredients for the quality care recipe 
described in considerable detail These principles 
tially impact positively on the quality of life 
ability of AD patients at this juncture n ^ 
thesui 
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Pharmacologic treatment of the 
biomolecular retrogenic process 



The nascent understanding of the role 
factors in the etiopathogenesis of AD has s 
avenues for fundamental treatment inves 
many ways, the mitogenic response of biomc 
genesis to AD-associated stressors and toxin 5 
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the milogenic response to stressors and toxins in non- 
nervous-system tissues. 71 ' 73 In other organ systems and 
tissues, the stressors and toxins producing a mitogenic 
response are termed carcinogens and the mitogenic 
response is termed a neoplastic response. In the adult 
brain, despite the occasional occurrence of neurogenesis* 
an abortive neurogenesis or abortive mitosis is associated 
with neurofibrillary changes and. perhaps, apoptosis. 
Consequently, antineoplastic agents that suppress mitosis 
may have relevance for the treatment of AD. 

Conclusion 

In summary, retrogenesis appears to represent a new 
mechanism of disease with distinct biomolecular, patho- 
logic, physiologic, and clinical manifestations. Distinct 
management and treatment principles and avenues for 
pharmacologic research follow from these iatrogenic 
mechanisms and their manifestations. AD is die paradig- 
matic iatrogenic disorder, but the process is applicable to 
a variable extent to many other dementing conditions. 
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The methodology described herein of a science of management, 
cane, and treatment of Alzheimer s disease and related dementias is 
the subject of a pending patent application. 
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ALZHEIMER OISEASE (AD) IS 
among die most important 
health problems of elderly per- 
sons, affecting mote lhan 4 
million people in the United States. In 
the last decade » cholmesierase Inhibi- 
tors have been widely used to alleviate 
symptom* of cognitive dysfunction in 
AD. The use of anti-inflaTnmatory drugs 
is among the strategics under active in- 
vestigation for the development of ef fee- 
live disease-modifying treatment for AD. 
This approach is supported by a wealth 
of laboratory evidence chat inflamma- 
tory mechanisms contribute to neuro- 
nal damage in AD. 1 Furthermore, many 
epidemiological studies suggest that anti- 
inflammatory drugs have a protective 
effect, reducing the incidence of AD. 2 

Results of small pilot clinical trials of 
nonsteroidal anu-inflammatory drug 

For editorial comment see p 2865. 



r**t«t laboratory evidence that inflammatory mechanisms contribute to neuro- 
3nS5 iSSl (AD), along with f^^aJSte^ 
5?at iSSterddsl antl-Wtan«m«lofy drug? (N5AID0 may ffmorBbly Influence the coun* 
of the disease. -> 
Obfcctivc To determine whether treatment with a selective qfdoo^ ^ > * 
SffiSlrof^ traditional nonselective NSAID (naproxen) .low, cognitive de- 
cline in patients with mild. to-moderate Ap. , 
Design Multiecnter, random^d, double-blind, placebo-controlled, parcel group tnal, 
with 1 -year exposure to study medications. 

Setting Forty ambulatory treatment centers affiliated with the Alzheimer's Disease 
Cooperative Study consortium. 

Participant* Participants with mild-to-moderate AD ^-Mental state Examina- 
tion score of 13-26) were recruited from December 1999 to November 2°0O usin« 
rinte^tftaK referrals from community physicians, and 
use of cholinesterase inhibitors, estrogen, low-dose wp.nn, and viUminl i was J 
Ibwed Participants with inflammatory diseases that ™f *V es P ond * ^ m8d 
Sons were excluded. Of 474 participants screened. 351 were enrolled. 
Interventions Once-daily rofecoxib. 25 mg, or twice-daily naproxen sod-um. 220 
mg, or placebo. 

iut.ht outcome Measures The primary outcome measure was the 1 -yearrnange 
XA^ToTS^rnJsc^-Cosni^ (ADAS-Cog) subscale ****** 
ft Se measures included the Clinical L'SSnSS 
the Neuropsychiatry Inventory, the Quality of ^r™-™* S5n> 
sienificant end points (4-point decline from baseline ADAS-Cog score. 1-ste p w 
Kg or! i the global ClinicafDementia Rating scale. 1 5-point decline on the ADCS ac- 
tivities of daily living inventory, institutionalization, or death). 
Results The 1-year mean (SD) change in ADAS-Cog scores in P**W**f™ 
with naoroxen (5 8 [8.0]) or rofecoxib (7.6 E7.7]> was not significantly different from 
£ TchSgeln partfeipants treated with placebo (5.7 WJ^bof jwn^ - J; 
ses showed ^consistent benefit of either treatment Fat.gue, hg£ 
tension were more commonly reported in the achve drug groups, and more serious 
adverse events were found in the active treatment group than in the placebo group. 
' Conclusion The results of this study indicate that rofecoxib or low-dose naproxen 
. does not slow cognitive decline in patients with mild-to-moderate ad. 

JAMA. 2003:203:2*19*626 m . — 
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EFFECT5 OF ROFECOXIB OR NAPROXEN VS PLACEBO ON ALZHEIMER DISEASE 



4* 



(NSAlD) efficacy in the treatment of AD 
have been encouraging. One report indi- 
cated a stabilizing effect of indometha- 
cin treatment for 6 months , 3 while a fol- 
low-up study showed a trend toward 
benefit with diclofenac treatment for 25 
weeks/ Neither study showed conclu- 
sive results, and the patients with AD 
9howed poor tolerability of both drugs. 
Larger studies with better tolerated treat- 
ment regimens, such as low-dose 
prednisone for 1 year 5 and hydroxychlo- 
roquine for 18 months,* failed 10 dem- 
onstrate benefit in the treatment of AD, 
. Recent studies have provided strong 
support for the testing of efficacy of 
NSAlDs in the prevention of AD. A large 
epidemiologic study using computer- 
ized medical records to accurately in- 
dicate drug use corroborates earlier 
work, with evidence that use of N5AfDs 
sharply reduces AD risk. 7 In trans- 
genic mice with AD-type amyloid depo- 
sition, the NSAID ibuprofen reduced 
brain inflamma turn and levels of soluble 
and insoluble amyloid peptide, and im- 
proved behavior. 8 '* 

In this trial, we tested the hypoth- 
esis that NSAlD treatment would slow 
the rate of cognitive decline in partici- 
pants with mild-to-raoderate AD. Se- 
lection of treatment regimens was based 
on consideration of the appropriate tar- 
get in AD brain, as well as medication 
tolerability. Results of studies in cell cul- 
ture systems, 1011 rodents, ,2Ji and hu- 
% man brain 10,1 * indicate that neuronal up- 
regulation of cyclooxygenase (COX) -2 
may contribute to neurodegenerauon 
in AD, However, the epidemiological 
data support the efficacy of long-term 
use of low doses of nonselective NSAIDs 
that inhibit COX-1 and COX-2/ and 
microglial COX-1 may be an impor- 
tant target 13 Long-term treatment with 
full doses of nonselective NSAIDs has 
been associated with a substantial risk 
of serious gastrointestinal tract toxic- 
ity, Therefore, wc used a standard dose 
of the' selective COX-2 inhibitor rofe- 
coxib and a low-dose of the nonselec- 
tive NSAlD naproxen. We chose a treat- 
ment period of 1 year based on evidence 
from a pilot study of NSAlD efficacy 
with short-term treatment 3 and the con- 



cern about the risk of long-term expo- 
sure in individuals with AD. 



METHODS 

Study Design 

The study used a randomized, double- 
blind, 3-group parallel design to com- 
pare rofecoxib or naproxen with pla- 
cebo. The treatment period was 12 
months, followed by a 2-month wash- 
out. Forty ambulatory treatment cen- 
ters affiliated with the Alzheimer's 
Disease Cooperative Study (ADCS) con- 
sortium participated in tins trial after 
obtaining approval from their local in- 
stitutional review boards. Written in- 
formed consent was obtained from 
participants and/or legally authorized 
representatives, according to local 
guidelines. 

individuals with probable AD 16 
recruited from December 1999 to 
November 2000 using clinic popula- 
tions, referrals from community phy- 
sicians, and local advertising were eli- 
gible if they did nol have comorbid 
conditions that increased the risk of 
adverse events associated wilh NSAID 
treatment (hypersensitivity to aspirin 
or NSAIDs, active peptic ulcer disease 
within 5 years, renal insufficiency 
Iscrum creatinine level >1.5 rag/dL or 
> 132,6 umol/Ll, clinically significant 
liver disease, poorly controlled hyper- 
tension, congestive heart failure, or 
bleeding disorder). Individuals were 
excluded if they had comorbid condi- 
tions thatmighticspond to NSAIDs (eg, 
inflammatory arthritis). Individuals also 
were excluded if within the prior 2 
months they had regularly used anti- 
inflammatory medications (aspirin at a 
daily dose ^325 mg was allowed), neu- 
roleptics, antidepressants, sedatives* 
anti-Parkinsoniari medications, or any 
investigational treatment for AD. Inclu- 
sion criteria included age older than 50 
years and Mini-Mental Slate Examina- 
tion (MMSE) 17 score within the range 
of 13 to 26. Stable use of cholinester- 
ase inhibitors was allowed. 

Rofecoxib tablets, 25 mg, were over- 
encapsulated to allow preparation of an 
identical placebo capsule. Naproxen so- 
dium tablets, 220 mg, and identical pla- 



cebo tablets were supplied by Bayer 
Consumer, lnc (Morristown. NJ). Each 
participant received 2 botdes of study 
medication with coded labels at base- 
line and at the 3-, 6-, and 9-month vis- 
its: 1 bottle containing rofecoxib or 
identical placebo capsules, to be taken 
once daily; and 1 bottle of naproxen or 
identical placebo capsules, to be taken 
twice daily. 

The randomization process used a 
permuted block design with block Size 
of 3 stratified by site. The randomiza- 
tion sequence was generated by Lhe 
ADCS data center. Scratch-off code- 
breakers were used so that instances of 
unbiinding would be documented; all 
codebreakers were collected at the end 
of the trial. Adequacy of masking was 
assessed by questionnaires completed 
by participants, caregivers, psychom- 
etrists, and site investigators. 

Safety assessments, including vital 
signs, physical examination, urinaly- 
sis, and hematology and. chemistry 
blood tests, were performed at each 
visit. Cognitive and behavioral assess- 
ments were performed at baseline and 
at months 1, 3, 6, 9, 12, and 14. 

Outcome Measures 

The primary outcome measure for this 
trial was the 1-year change score on the 
Alzheimer Disease Assessment Scale- 
Cognitive (ADAS-Cog) subscale,'* an 
instrument that evaluates memory, at- 
tention, reasoning, language, orienta- 
tion, and praxis. We considered a sig- 
nificant benefit in the active group to 
be a 50% reduction in cognitive de- 
cline as indicated by change in ADAS- 
Cog score compared with the placebo 
group. Data from a small pilot study 3 
have supported the hypothesis that an 
effect of this magnitude might be seen, 
and we considered that a smaller effect 
might not justify the risk of long-term 
NSAID therapy in the AD partici- 
pants. Using longitudinal ADAS-Cog 
data from an earlier muhicenter trial, 5 
we estimated that 100 participants were 
required in each treatment group 
(naproxen, rofecoxib, and placebo) for 
a power of 0.8. An overall drop-out rate 
of 20% was anticipated. Since we ex- 
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pected more drop-outs from adverse 
drug effects in the acrive drug groups, 
fewer participants were randomly as- 
signed 10 the placebo group (partici- 
pants were randomly assigned using a 
ratio of 1.2 [naproxen|:l,2 Irofecoxibl: 
l.LfplaceboJ). 

Secondary outcome measures in- 
cluded the Clinical Dementia Raring 
sum-of-boxes (CDR-SOB), 19 Alzhei- 
mer's Disease Cooperative Study ac- 
tivities of daily living (ADCS-ADL) 
scale, 10 the Neuropsychiatric Inven- 
tory (NPI), 21 the Quality of Life* AD 
(QOL-AD), 22 and the time to attain- 
ment of significant end points (4- 
point decline from baseline ADAS- 
Cog score, 1-step worsening on the 
global CDR scale, 15-point decline on 
the ADCS-ADL, institutionalization, or 
death). 

Statistical Analysis 

The primary analysis was a compari- 
son of the change in ADAS-Cog score 
between the naproxen and rofecoxib 
groups and the placebo group using 
analysis of co variance (ANCOVA), with 
the baseline ADAS-Cog score as a co- 
vallate. The statistical plan included as- 
sessment of the treatment groups for 
significant imbalance in age, sex, or apo- 
Hpoprotein E genotype that might in- 
fluence outcome; if an imbalance was 
present (P<.15) and the factor influ- 
enced ADAS-Cog change scores 
(?<.10X it would be included in the 
ANCOVA model 

The primary analysis was con- 
ducted on an intent-to-treat basis (ie ( 
including all randomized participants). 
Because AD is a disease of progressive 
cognitive deterioration, the protocol 
specified an alternative imputation 
scheme rather than last-observation- 
carried-forward (LOCF) analysis. 
(LOCF analysis would overestimate a 
treatment effect if an excess of drop- 
outs occurred in the acrive drug group 
due to adverse effects.) To impute a par- 
ticipants missing score at week 52, an 
estimate of change in ADAS-Cog score 
during the unobserved period based on 
all individuals with complete data from 
the participant's treatment group was 
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applied to the participant's last ob- 
served score. A linear rate of progres- 
sion was not assumed. We also con- 
ducted secondary analyses of change in 
ADAS-Cog scores using.the LOCF im- 
putation, and an analysis of compl- 
eters only (ie, those who completed the 
week 52 visit). In addition, we con- 
ducted a longitudinal regression analy- 
sis using the method of generalized es- 
timating equations. 23 For diis analysis, 
a pair- wise comparison of the naproxen 
group vs the placebo group and the ro- 
fecoxib group vs the placebo group, the 
outcome was the ADAS-Cog score clus- 
tered by the baseline, 3-, 6-, 9-, and 12- 
month visits. 

A planned secondary analysis of lime 
to reach clinically significant end points 
was performed using a Cox propor- 
tional hazards model. Intent-to-treal 
analysis of secondary measures were 
conducted using both the slope impu- 
tation strategy described above and 
LOCF for missing week 52 values. No 
interim analysis was performed. Statis- 
tical analyses were performed using SAS 
version 6-2 (SAS Institute, Cary, NC). 

RESULTS * 

The flow of participants through the 
study protocol is shown in Figure 1. 
From a total of 474 participants 



screened, 351 met the study criteria and 
were randomly assigned to 1 of the 3 
treatment groups (rofecoxib, naproxen, 
or placebo). Considering the likeli- 
hood that more participants in the ac- 
tive groups would drop out due to ad- 
verse effects, more participants were 
randomly assigned to rofecoxib 
(n = 122) and naproxen (n=118) than 
to the placebo group (n = 11 1). 

The primary outcome measure 
(change in ADAS-Cog score at week 52) 
was obtained for study completers*. 90 
(76%) participants in the naproxen 
group, 89 (73%) in the rofecoxib group, 
and 88 (79%) in the placebo group. The 
predominant reasons for early study dis- 
continuation were caregiver issues (ro- 
fecoxib, n«12; naproxen, n=H; and 
placebo, n= 10) and adverse events (ro- 
fecoxib, n = 14; naproxen, n=ll: and 
placebo, n=9). 

The demographic and clinical char- 
acteristics of Lhe treatment groups at 
baseline are shown in Table 1 . No sig- 
nificant differences were found be- 
tween the groups on any of the demo- 
graphic or baseline characteristics. 
Eighty-seven participants (25%) were 
using low-dose aspirin during the trial: 
33 (27%) in the rofecoxib group, 30 
(2*5%) in the naproxen group, and 24 
(22%) in the placebo group. Aspirin use 
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Tabl* 1 . Participant Demographics and Assessment Scores at Sascjlne_ 





Placebo 

(n«111) 


Naproxen 
(n = 1l6> 


p 

Value' 


Rofecoxib 
(no 122) 


P 

Value* 


Age. mean (SO), y 


7^ Q fR fft 
f u.D yo.WJ 


74.1 (7.8) 


.7B 


73.7 (7,2) 


.96 


Sex. femate, % 


£*\ O 


48.3 


.31 


54.9 


.99 


Eduction, mean (SD). y 






.37 


13 8 (3.2) 


.24 


Duration ol disease, mean (SD). y 


fl.*; \0.l3j 




92 




.69 


Users oi cholinesterase inhibitors 
at bB86)ine, No, (%) 


74 (67) 


7 b (bo) 


OQ 


66 (70) 


.57 


Participants starting choiinestorase 
inhibitors during the study. No. (%) 


6(5) 


10(8) 


.44 


8(7) 


.79 


Uaera of tow«doso aspirin. No. (%) 


24 (22) 


30(25) 


54 


33 (27) 


.36 


Apolipoprotein £ ( No. (%) with ss1 E4 allole 


67.6 


70.4 


.69 


68.1 


.95 


MMSE score, mean (SDH 


20.8 (3.6) 


20.7 p.6) 


,81 


21.2(3.8) 


.57 


ADAS 'Coo score, mean (SD)| 


24.2(9.4) 


2*4.4 (10.2) 


.92 


23.4 (9.4) 


.45 


CDR surn-ot-boxes score, mean (SD)t 


5.5 (2.5) 


6.0 (2.9) 


.26 


S.6 (2.5) 


.62 



Abbreviations: AQAS-Cog. Ateneimer Disease Assessment Scate-Coynrtjv* sutacata; CDR. Clinical Dementia Rating; 

MMSE. Mmi-Mental Stale Examination. ^ „ . . 

-P vafuea tor corrtfarteort wUh giacabo. using Lhg Wjtcoxon leet lor contnuOuS uonal^s and ihe Fisher **acl lest for 

^S^c^of scores for MMSF 15 0 to 30 points; tor ADAS-Cog, 0 to 70 polnls, antf COP* suro-of-boxfcs. 0 to 16 
points. 



did not show a significant effect on 
ADAS-Cog scores for all groups or for 
the individual treatment groups. 

Baseline characteristics were com- 
pared between participants who dis- 
continued early and those who com- 
pleted thestudy . In the naproxen group, 
participants who discontinued early had 
lower mean (SD) MMSE scores (19.6 
[3.3] vs 21.0 13,61; P-.04; using Wil- 
coxon rank sum test) and higher mean 
(SD) CDR-SOB scores (7.2 {3,41 vs 5-7 
[2.7]; P».03). No significant differ- 
ences were found between the rofe- 
coxib and placebo groups. 

A total oF 238 (68%) participanis 
were taking cholines terase inhibitors at 
the time of enrollment. Twenty-four 
participants (rofecoxib group, n=»8; 
naproxen group, n = 10; and placebo 
group, n = 6) started treatment with 
cholinesterase inhibitors prior to the 
month 1 2 visit. These participants were 
included in the primary inicnt-to- 
treat analyses. In a secondary analysis 
of the main outcome measure exclud- 
ing these 24 subjects, the results were 
similar (data not shown). 

Analysis of Outcomes 

Primary Outcome Measure. The effect 
of treatment on the primary and sec- 
ondary measures in the intent-to-treat 
analysis is shown in Table 2. None of 



the planned covariates (age, sex, and 
apolipoprotein E genotype) was in- 
cluded in the analysis, because there 
was neither imbalance nor association 
with the outcome. 

Neither active treatment had a ben- 
eficial effect on the primary measure, 
the change in mean ADAS-Cog scores; 
the group treated with rofecoxib 
showed a trend toward greater cogni- 
tive decline compared with the other 
groups. For the comparison of 
naproxen with placebo, the SE of the 
difference between change scores was 
1.07 (95% confidence interval for the 
difference in the change scores, -0,1 +/- 
2.14); therefore, it is highly unlikely that 
naproxen treatment reduces the 1-year 
decline in ADAS-Cog score by more 
than 2,04/5.7, or 36%. For the com- 
parison of rofecoxib with placebo, the 
SE of the difference between change 
scores was 1.03; a similar calculation 
indicates it is highly unlikely that ro- 
fecoxib reduces the decline in ADAS- 
Cog score by more than 15%. 

When LOCI : imputation of the 
change in ADAS-Cog score was substi- 
tuted for the primary imputation 
scheme, the result was similar to the pri- 
mary analysis (mean [SD] ADAS-Cog 
change in score in the placebo group, 
4.9 [H.2]; rofecoxib group, 3.9 [7,71, 
P«,52; and naproxen group. 5-0 [7.91, 



P=.94). Analysis of participants tak- 
ing study medication who completed 
the 52-week visit yielded similar re- 
sults, with no significant difference in 
rate of decline for the mean (SD) ADAS- 
Cog score (placebo, 5.3 [8.5|, n = 79; 
rofecoxib, 6.8 [7.7], n-78, P = .47; 
naproxen, 53 (7.91, n=80, P-.9), Re- 
gression analysis using the general- 
ized estimating equations method dem- 
onstrated no effect of rofecoxib (P=,77) 
or naproxen (P-.64) on longitudinal 
ADAS-Cog scores. 

Secondary Outcome Measures. The 
intent-to-treat analysis using the pri- 
mary imputation scheme for missing 
values revealed no significant differ- 
ence in decline for the CDR-SOB scores 
across all the groups (Table 2). Other 
analyses, using LOCF imputation or as- 
sessing completers only, showed simi- 
lar results (data not shown). The ADCS- 
ADL scores showed a trend toward a 
beneficial effect with use of rofecoxib. 
However, none of the secondary analy- 
ses were adjusted for multiple com- 
parisons because this was pot Speci- 
fied in the original protocol. In the slope 
imputation analysis, use of rofecoxib re- 
duced the decline in ADCS-ADL score 
by 22% (unadjusted P = .09); in the 
LOCF analysis, use of rofecoxib re- 
duced the decline in ADCS-ADL score 
by 33% (unadjusted P«.04). In an 
analysis of study completers only, ro- 
fecoxib reduced the decline in ADCS- 
ADL score by 27% (unadjusted P= .09). 
Treatment with rofecoxib or naproxen 
had no effect on the NP1 or QOL-AD 
scores. 

The planned survival analysis con- 
sidered' the lime interval from the 
baseline visit to the first among 5 
possible end points: death, institution- 
alization, increase in global CDR 
score, 15-point decline on the ADCS- 
ADL scale, or 4-point decline on the 
ADAS-Cog scale. A total of 242 sub- 
jects (69%) reached at least 1 end 
point (placebo group, n=78 f 70%); 
naproxen group, n = 83 [70%]; and 
rofecoxib, n = 81 [66%]). Rofecoxib 
(P-.63) or naproxen (P=,50) vs pla- 
cebo did not differ in time to first end 
point. When time to individual end 
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Tabjg 2. One-rear Change in Assessment Scores in the lntent*to-Treat Analysis* 

Placebo (n a 1 1 1 ), Mean (SD) Naproxon (n ■ 1 1 B), Mean (SD) 



r 



Baseline 



1 Year 



Change 



Baseline 



1 Year 



Change 



P 



RofecoHlb (n = 122), Mean (SD) 

— 1 P 

Change Va luet 



Baseline 



1 Year 



AOAS-Cog 24.2 (9.6) 29,9 (13,7) -5.7($.3) 24.4 (10.2) 30,2(13,9) -5,8(8.0) .96 23.4(9,4) 31.0(1$.$) -7.8(7,7) ,09* 



COB-SOB 5.5(2.5) 77(3.9) -2.2(2,3) 6.0(2.9) 6.3 (4.0) -2.3(2.3) .89 5,6(2,5) 7.8(3,5) -2.2 (2,4) 



.89 



ADCS-AOL 62,6(11-4) 51.3(16.3) -11.5(175 60,0(13.1) 513(163) -6,7(10.5) ,14 02.3(11.4) 53.9(14.4) -8.3(9.7) -08 



Npt 



8.7(10.6) 12.2 (1Z8) -3,4(11.9) 8.4(9,6) 13.1(14.4) -37(12-5) .76 9.2(9.6) 13,1(14,2) -3 8(10.9) .76 



QQl-AD 36.7(5.6) 34.3(6,0) -2.4(5,1) 37,0(5,9) 34, 5 (6, 2) -2.6(5.5) ,93 36.7(5.9) 33.8(6.2) -2,9(5.6) ,B5 



Abbreviations; AOAS-Cog. Afzhetmer Disease Assessment Scale- CognilM) sucsctfo: ADOS-ADl • Alzheimei Disease Cooperate Study- AC ti villas of Daily Lwn?; COR -SOB. Cfir*- 

cal Demenlla Raling Gum-of-bOxes. NPl NeuropsycMairtC Inventory: OOL-AD, Quality of trie. Alzheimer f>sea$*. , , A _ n erYC . n 

*Pcr each scute. nagaUve change scores IndfcaLfi deterioration and positive changs scoria rcprss^i rniprovemara. The range of points for ADAS-Cog ns 0 lo 70; CDR-SOB «s 0 

iol9: AOCfi-ADL Is 0 to 78; NPJ ig 0 io1 44; and QOl-AD 4 13 lo 52. 
IP values few companion with placebo. . , „ , 

*HoJm adjust^eni appteo' to trio P van* for the APAS-Cog. ihe purpose oi me Holm adjustment is to account tor planned muhfple comparisons n the pnnviry end point analysis. 

thus ensuring an overajl type 1 error rf.05: if erthar companion yiofcte The smaller P value Is douoleo. The unadjusted P valwO was ,f>»4 for the «T>fBcoxib- placebo cc*n. 

p^rison lor ADAS- Cog. 



points was examined, the only signifi- 
cant difference was between the rofe- 
coxib and placebo groups for time to 
institutionalization, favoring the rofe- 
coxib group (P- .03) (data not shown). 
However, this analysis was based on a 
small number of events (7 in the pla- 
cebo group and J in the rofecoxib group), 
and the P value was no t adjusted for mul- 
tiple comparisons. 

Adverse Events 

Treatment emergent adverse events 
were grouped into categories for analy- 
sis. Naproxen and rofecoxib groups had 
more frequent adverse event reports 
(P<.10) (Table 3). Dizziness and fa- 
tigue were more common in the active 
drug groups than in the placebo group, 
and dry mouth was more common in 
the naproxen group than the placebo 
group. New cases of hypertension were 
reported as adverse events in the ac- 
tive drug groups, but none were re- 
ported in rhe placebo group (naproxen 
[n«6] vs placebo [n=0KP = .03and ro- 
fecoxib [n*9] vs placebo, P=.004). 

In addition to adverse events re- 
ported on case report forms, study 
participants were asked about a list of 
syfnptoms that might arise with 
NSAJD treatment. When the propor- 
tion of each treatment group reporting 
new symptoms (not present at base- 
line) was compared, the difference was 
significant compared with placebo for 
dry tnouth (10% for naproxen vs 2% 
for placebo; P=.01) and muscle pain 
(13% for rofecoxib vs 4% for placebo; 
P«a.03). The percentage of participants 



Table 3, Adverse Events Reported More Frequently by Participants in the Active Treatment 
Croups 





Placebo, No. (%) 


Naproxen, No. (%) 


P Value* 


Rofecoxib, No. (%) 


PValuat 


Farlgue 


7(6) 


17(14) 


.08 


1S{15) 


.OS 


Dizziness 


5(5) 


14 (12) 


.06 


14(11) 


.06 


Dry moulh 


KD 


6(5) 


,06 


KD 


>.99 


Hypertension 


0 


6(5) 


.03 


9(7) 


,004 



-Por comparison of naproxen vs pmcobo 
ff=or comparison of rofecoxb vs placebo. 



with new reports of any gastrointesti- 
nal tract symptom did not differ 
among the treatment groups (37% for 
naproxen, 31% for rofecoxib, and 30% 
for placebo). 

Despite the cases of hypertension 
noted above, mean blood pressure did 
not differ significantly by treatment 
group. The effects of treatment group on 
mean (5D) change were minimal for he- 
matocrit (placebo [n = 87 J : - 0,3% [2, 2 J ; 
naproxen [n =881: -1.0% [2.2] vs pla- 
cebo. P=.01; and rofecoxib [n=87]: 
- 1.2% [2.21 vs placebo; P= .05) and for 
serum creatinine (0.02 [0.13] rng/dLor 
1.8 [U.5| umol/L, n»88; naproxen 
|n=87l:0.02 (0.131 mg^dLor 1.8 [11.5) 
umol/L, vs placebo, P=.90; and rofe- 
coxib [n=84]:0.08 (0.16) mg/dL or 7.1 
[ 14.1 ] urool/L vs placebo, P=.0l). 

The total number of serious adverse 
events in each treatment group, along 
with number of events within specific 
categories, did not differ significantly 
(Table 4). 

Success of Blinding 

The randomization code was broken in 
X instance, based on clinical .need for 



the management of an acute medical 
problem. Study personnel involved in 
administering assessment tools were 
shielded from group assignment data 
in this instance. 

The results of questionnaires admin- 
istered at the month 12 visit indicated 
that the percentage of participants who 
believed they were talcing active study 
medication also did not differ signifi- 
cantly across the treatment groups (ro- 
fecoxib group, 70%; naproxen group. 
74%; and placebo group. 73%; P = .62, 
Fisher exact test), indicating that blind- 
ing was adequately maintained. 

At rhe 12-month visit, the percent- 
age of informants who believed that par- 
ticipants were talcing active study medi- 
cation also did not differ across the 
participants' treatment group (52% for 
rofecoxib group, 51% for naproxen 
group, and 59% for placebo group; 
P = .10, Fisher exact test). The differ- 
ences also were not significant for study 
coordinators (54% for rofecoxib group» 
50% for naproxen group* and 43% for 
placebo group; P=» .52, Fisher exact test) 
and study physicians (56% for rofe- 
coxib group, 40% for naproxen group, 
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Placebo 



Total serious gvente 



15 



25 
1 



Oeatns 



Gastrointestinal tract event* 
Stroka/transient ischemic attack 



Subdural hematoma 



Intes!^ um* occurrsd io ihe nap^er group). _ 



and 40% for placebo group; 
Fisher exact test). 



COMMENT 

This is the first large-scale trial, to our 
knowledge, to determine the efficacy of 
both nonselective and COX-2 selective 
NSAIDs in the treatment of AD. The re- 
sult of the primary tntent-to-ireat analy- 
sis or this trial showed that neither 
naproxen nor rofecoxib slowed the rale 
of cognitive decline in comparison with 
placebo in participants with mild-to- 
moderate AD. Similar results were ob- 
tained when an LOCF analysis was sub- 
stituted for the primary slope method of 
imputing missing 12-month data and 
when the data were analyzed using the 
generalized estimating equations 
method. The results of an analysis of 
study completers (those who were able 
to complete the trial while still taking 
study medication) also revealed no ben- 
eficial treatment effect of the active study 
drugs in comparison with placebo. In- 
stead, the rofecoxib group showed a 
trend toward greater cognitive decline 
compared with placebo. 

In rtie naproxen group, baseline 
MMSE and CDR-SOB scores differed 
between individuals who discontin- 
ued study participation early and those 
who completed the study. This differ- 
ence raises the possibility that impu- 
tation of the data missing from non- 
completers may have influenced the 
outcome of the primary analysis. How- 
ever, the nonsignificant finding of the 
primary analysis is in agreement with 
the nonsignificant findings of the LOCT 
analysis, the completers analysis, the 
generalized estimating equations re- 
gression analysis, and the clinical end 
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points survival analysis, which strongly 
support its validity. 

Secondary analyses of the efTed of 
treatment on a global measure of cog- 
nitive decline, behavior, ADL. and qual- 
ity of life showed no consistent advan- 
tage of either treatment over placebo. 
Rofecoxib delayed the time to institu- 
tionalization, but this result was based 
on a small number of end points. Ad- 
justment for multiple comparisons 
would have made this comparison non- 
significant. 

In some analyses, there was a trend 
toward smaller decline in ADL with ac- 
tive treatment, particularly with rofe- 
coxib. The trend toward greater cogni- 
tive decline with rofecoxib treatment 
suggests that the trend toward protec- 
tion against decline in ADL m»y be re- 
lated to an analgesic effect rather than 
an effect on AD. 

Both active treatments were reason- 
ably well tolerated, although partici- 
pants who dropped out due to adverse 
events were more commonly from the 
active drug groups than from the pla- 
cebo group. Surprisingly, the gastroin- 
testinal tract symptoms were similar in 
the 3 groups. The small number of se- 
rious gastrointestinal tract events (pri- 
marily bleeding) in the active drug 
groups was consistent with expected 
risks. The occurrence of adverse events 
likely was reduced by excluding indi- 
viduals at high risk of NSAID toxicity. 

Two irnpomn t issues must be raised 
when interpreting the lack of active 
treatment effect. The first issue con- 
cerns selection of drug, dose, and du- 
ration of treatment. Naproxen was se- 
lected because the epidemiological 
evidence supports the efficacy of non- 



selective COX inhibitors, and naproxen 
has a long half-life (allowing for iw&e- 
daily dosing) and is relatively well tol- 
erated. The naproxen dose was low be- 
cause of concern that full-dose therapy 
with a nonselective COX inhibitor 
would be associated with more seri- 
ous adverse events and a high drop- 
out rale compared with placebo. The 
nonsignificant results with naproxen 
could be explained by an insufficient 
dose; alternatively, other drugs in this 
same class, such as ibuprofen, may have 
greater activity in AD mediated by an 
effect on processing of the amyloid pre- 
cursor protein, 24 Rofecoxib, 1 of 2 avail- 
able selective COX-2 inhibitors at the 
time this study was initiated, was ad- 
ministered at a standard, full anti- 
inflammatory dose. It is possible that 
a higher dose is necessary to influence 
neuronal survival; a high dose of celc- 
coxib, above the standard anti- 
inflammatory dose, is required to in- 
fluence neoplastic transformation in the 
gastrointestinal tract. 15 It is also pos- 
sible that a period of exposure to anti- 
inflammatory treatment greater than the 
1 year of treatment in this trial is nec- 
essary to slow the disease process. Some 
epidemiological studies of AD preven- 
tion suggest that at least 2 years of ex- 
posure is necessary to optimally re- 
duce risk of AD* 2M7 

The second issue concerns the se- 
lection of participants. The most com- 
pelling epidemiological evidence sug- 
gests that long-term exposure to 
NSAIDs reduces risk of subsequent AD; 
on the other hand, some studies sug- 
gest a stabilizing effect of NSAID 
therapy in patients with clinically evi- 
dent disease, 3 * 28 supporting the design 
of the current trial. While COX-2 and 
other inflammatory mediators are el- 
evated in mild-io-moderate AD brain, 1 
it is nonetheless possible that when the 
disease is clinically apparent, the neu- 
ropathology is too advanced to be sig- 
nificantly attenuated by NSAID therapy. 
The results of this trial do not address 
the efficacy of NSAIDs in the preven- 
tion of AD. A primary prevention trial, 
In which elderly persons without de- 
mentia are randomly assigned to treat- 
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mctit with an NSAID or placebo, is nec- 
essary to test the utility of long-term 
NSAID iherapy in AD risk reduction. 
Such a trial is now under way. 20 

"The results of the current study do 
nqc support the hypothesis that rofe- 
coxib or naproxen can slow the pro- 
gression of AD. Considering the risk of 
serious toxicity, such treatment should 
not be recommended. In view of evi- 
dence from cell culture and animal 
studies suggesting reduction of f*-amy- 
loid generation with other NSAlDs, 
such as ibuprofen (but not naproxen or 
selective COX- 2 inhibitors) , 2i addi- 
tional, treatment trials using other 
NSAlDs may be warranted. Recommen- 
dations regarding risk reduction with 
long-term N5AID therapy must await 
the results of a primary prevention trial. 
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Inflammatory mechanisms have been implicated in Alzheimer"* disease (AD) and might be mediated via the COX- 2 enzyme. Previous 
studies with the selective COX-2 inhibitors, rofecoxib and celecoxib, have shown that they do not alter the progression of AD, We 
conducted a double- blind study to investigate whether rofecoxib could delay a diagnosis of AD in patients with mild cognitive 
impairment (MCI), a group with an expected annual AD diagnosis rate of I0-ISS6. MCI patients ^65 years were randomized to 
rofecoxib 25 mg (N = 725) or placebo (N = 732) daily for up Lo 4 years. The primary end point was the percentage of patients wilh a 
clinical diagnosis of AD. The estimated annual AD diagnosis rale was lower than Lhe anticipated 10-15%; 6A% in ihe rofecoxib group vs 
4.5% in the placebo group (rofecoxib : placebo hazard r^alio = 1 .46 (9S% CI: 1.09, 1.94), p^O.Oi I). Analyses of secondary end points, 
including measure* of cognition (eg the cognitive subscale of the AD Assessment Scale (ADAS-Cog)) and global function (eg the Clinical 
Dementia Rating (CDR)), did not demonstrate differences between treatment groups. There was also no consistent evidence that 
rofecoxib differed from placebo in post hoc analyses comparing ADAS-Cog and CDR-sum or boxes scores in overlapping subgroups of 
patients who had Mini Mental State Exam scores of 24- 26 in the present MCI study and in a previous AD treatment study with a similar 
design. The results from this MCI study did not support the hypothesis that rofecoxib would delay a diagnosis of AD. In conjunction 
with the /ack of effects observed in previous AD studies, the findings suggest that inhibition of COX-2 is not a useful therapeutic 
approach in AD, 

Neuropsychopharmacology (2005) 30, 1204-1215, advance online publication. 2 March 2005: doi; 10. 103 B/sj.npp, 1300690 
Keywords: rofecoxib; nonsteroidal anti-inflammatory drugs: mild cognriive impairment; Alzheimer's disease: COX-2 inhibitors 



INTRODUCTION 

NeuropathologicaJ and epidemiological data suggest that 
inflammatory mediators and immune mechanisms may 
play a role in the pathogenesis of Alzheimer's disease (AD) 
(McGeer et al, 1996; Cagnin et al, 2001; Ho et ah 2001; in 't 
Veld et al, 2002; Elminan et ah 2003). It has been proposed 
that these effects may be mediated via the COX-2 enzyme 
(Pasinetti, 2001). These observations have led researchers to 
investigate whether nonsteroidal anti-inflarurnatory drugs 
(NSAlDs) might slow the progression of dementia. Initially, 
two small studies with the NSAIJDs indomethacin (Rogers 
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et of, 1993) and diclofenac (Scharf et al, 1999) provided 
preliminary evidence for efficacy over 6 months in patients 
with AD. However, interpretation of the results from both 
studies was confounded by high dropout rates, mainly due 
to gastrointestinal side effects thought to be mediated via 
inhibition of COX-1 (nonselective NSAlDs inhibit both 
COX-1 and COX-2) (Warner et al, 1999). More recently, 
three larger randomized, controlled, 1-year clinical studies 
with the selective COX-2 inhibitors rofecoxib or celecoxib 
failed to show any effects of treatment on the progression of 
AD (Sainati et al, 2000; Aisen et al, 2003; Reines et at, 2004). 
One of these studies included the nonselective NSAID 
naproxen, which also failed to show any effects (Aisen et ah 
2003). In addition, the anti-inflammatory agent hydroxy- 
chloroquine did not show any benefits in an 18-month trial 
(Van Gool et al, 2001), 

A possible explanation for the lack of efficacy in the above 
studies is that the underjying pathology might be too 
advanced in patients with an established diagnosis of AD for 
an anti-inflammatory treatment to alter the course of the 
disease. Epidemiological evidence indicates that there may 
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be a critical period, 2 or more years before the onset of 
dementia> during which exposure to NSAIDs protects 
against AD (in *t Veld et at, 2001). Selective COX-2 
inhibitors offer the potential for treatments that may have 
beneficial protective effects in AD while being well tolerated 
in long-term use. We therefore conducted a study to 
determine whether treatment with rofecoxib could delay a 
diagnosis of AD. Rather than evaluating a general elderly 
population with a relatively low incidence rate of AD, we 
sought to recruit elderly patients with mild cognitive 
impairment (MCI) (Petersen et al> 2001a, b). These patients 
were expected to have an annual AD diagnosis rate of 10- 
15% vs a rate of 1-2% for the general elderly population 
(Petersen et al } 2001a, b). The study also provided the 
opportunity to gather important placebo-controlled, long- 
term safety data on rofecoxib in an elderly population. 

METHODS 
Patients 

Patients aged 65 years or older who had completed at least 8 
grades of education, and had a reliable informant who could 
accompany them to each clinic visit, were recruited at 46 
study sites in the United States from April 1998 to March 
2000. Potentially eligible patients were initially identified by 
investigators (by any means available) or via a centralized 
telephone prescreening process (Lines et al, 2003). Patients 
were screened at the study sites to determine if they met all 
the following criteria for MCI: patient reports memory 
problem, or informant reports that patient has memory 
problem? informant reports that patient's memory has 
declined in the past year; Mini Mental State Exam (MMSE) 
(Folstein et al } 1975) score ^24; Clinical Dementia Rating 
(CDR) (Morris, 1993) global score — 0.5 with memory 
domain score 5*0,5; Blessed Dementia Rating Scale (BDRS) 
(Morris el al, 1988) total score <3.5, with no part 1 item 
score >0.5; Auditory Verbal Learning Test (AVLT) 
(Schmidt, 1996) total score ^37. The cue score on the 
AVLT corresponds to a score < 1 standard deviation (SD) 
below the mean for normal elderly subjects; for the first 6 
months of study enrollment, age-adjusted cut scores 1.5 SDs 
below the means for separate age bands were used (see 
Appendix Al). Further details of these tests of cognition and 
function are given in Appendix Al. The CDR assessment 
was completed on the basis of interviews with the patient 
and informant by a rater who was blinded to the results of 
psychometric tests (AVLT and MMSE). 

Patients were excluded if they had: dementia; inadequate 
motor or sensory capacities to comply with testing; a 
modified Hachinski Ischemic Scale (Rosen et al, 1980) score 

> 4 (to exclude patients whose cognitive impairment may 
have been related to a vascular condition); a Hamilton 
Depression Scale (17-item version) (Hamilton, I960) score 

> 13 (to exclude patients whose cognitive impairment may 
have been related to depression); a history of angina or 
congestive heart failure with symptoms that occurred at 
rest: uncontrolled hypertension; a history within the past 
year of myocardial infarction, coronary artery bypass, 
angioplasty, or stent placement; a history within the past 
2 years of stroke, multiple lacunar infarcts, or transient 
ischemic events; a history within the past 3 months of 



gastrointestinal bleeding; an expected therapeutic need for 
chronic NSAID or estrogen replacement therapy during the 
study. Patients taking NSAIDs on a chronic basis ( ^ 7 days/ 
month for the 2 months prior to study entry), estrogen 
replacement therapy (excluding topical ointments) within 2 
months of study entry, or cholines terase inhibitors within 1 
month of study entry were also excluded. No more than 
20% of patients at each study site could be taking vitamin E 
>400IU at the time of study entry. Concomitant use of the 
above medications during die study was discouraged, but 
patients who did take them were not discontinued for this 
reason. Patients who developed a need for cardio-protective 
doses of aspirin after randomization were permitted to use 
aspirin <100mg/day; clopidogrel was also allowed. Each 
site received the approval of its local institutional review 
board to perform the study, and informed consent was 
obtained from each subject. 

Design 

This was a randomized, double-blind, placebo-controlled 
study with parallel groups. After screening, eligible patients 
were randomly assigned to receive rofecoxib 25 mg once 
daily or placebo once daily for up to 4 years. Rofecoxib 
25 mg was the maximum recommended dose for approved 
chronic indications (Merck 6c Co. Inc., 2003; on September 
30, 2004, Merck & Co. Inc., announced the voluntary 
worldwide withdrawal of rofecoxib from the market). 
Randomization of patients at each study site was deter- 
mined by a computer-generated allocation schedule and 
was stratified according to MMSE score (24-26, > 26). The 
allocation schedule was generated by a statistician at Merck 
Research Laboratories according to in-house blinding 
conditions. The rofecoxib and placebo tablets were visually 
identical. The original intention was that the study would be 
event-rate driven and would continue until 220 patients had 
received an AD diagnosis, which it was anticipated would 
cake approximately 2 years. The study was extended to 4 
years due to lower than expected AD diagnosis rates. A 
decision was made in October 2002 to terminate the study 
in April 2003, 11 months earlier than the scheduled March 
2004 termination (ie 4 years after the last patient was 
enrolled). Based on the diagnosis and discontinuation rates 
observed as of July 2002, it was estimated that 219 end 
points should have been observed by April 2003. In fact, 
only 1 89 diagnoses of AD had been made at this time, and 
discontinuation rates had continued to increase. The 
combination of the low diagnosis rates and increasing 
discontinuation rates made it unlikely that the target 
number of events could have been achieved and it was 
therefore considered that continuation of the study until its 
planned termination would not have been productive. The 
decision was made prior to unblinding. 

Procedure 

After randomization, patients were scheduled to attend the 
clinic at months 1 and 4, and then every 4 months until the 
study was completed or the patient was diagnosed with 
dementia. The study was conducted using an intent -to- treat 
approach; that is, patients who discontinued treatment, but 
who had not developed dementia, were asked to return to 
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the clinic for all remaining visits and assessments. The 
following assessments were administered at baseline and 
every 4 months, or at discontinuation from the study: CDR, 
MMSE, Selective Reminding Test (SET; see Appendix A3 for 
details) (Buschke, 1973). The cognitive subscale of the AD 
Assessment Scale (ADAS-Cog; see Appendix Al for details) 
(Rosen et aU 1984) was administered at baseline and then 
every 12 months, or at discontinuation from the study. The 
BDRS was administered at baseline and at 24, 36, and 48 
months, or at discontinuation from the study. Any patient 
who received a global CDR score 2? 1 at a routine clinic visit 
was suspected of having converted to dementia and 
administered a CT or MRI scan of the brain and any 
psychometric tests that were not already scheduled for thai 
visit. The patient was continued on treatment and returned 
for an end point confirmation visit 2 months later, at which 
time all the psychometric evaluations were repeated. If the 
global CDR score was still > 1 at this visit, the patient was 
considered to have reached the end point of dementia and 
was discontinued from the study (regardless of the outcome 
of the adjudication process described below). In some cases* 
a patient was determined by an investigator to have 
developed dementia despite maintaining a global CDR 
score of 0.5 at the trigger and confirmation visits, and these 
patients were also counted as end points and were 
discontinued from the study. The investigator determined 
the type of dementia: possible or probable AD according to 
NINCDS-ADRPA criteria (McKhann et al, 1984) or other, 
for example, vascular dementia. For patients who reached 
the end point of clinically diagnosed dementia, all relevant 
data were sent to an independent blinded adjudication 
committee consisting of three experts. Each adjudicator 
reviewed the data independently and indicated whether or 
not they concurred with the investigator's diagnosis. In 
order to qualify as an event for the primary analysis, a 
majority decision in ^2 of the three adjudicators that the 
patient met criteria for possible Or probable AD was re- 
quired (ie ^2 adjudicators classified the event as probable 
AD, ^2 adjudicators classified the event as possible AD, or 
one adjudicator classified the event as possible AD and one 
adjudicator classified it as probable AD). 

Any adverse experiences occurring during the study were 
recorded and rated by the investigator, while still blinded to 
the treatment that the patient was receiving, as to 
seriousness (death, life threatening, resulting in persistent 
Or significant disability, resulting in hospitalization, 
prolonging an existing hospitalization, any other important 
medical event), drug-relatedness (possibly, probably or 
definitely drug-related, probably not or definitely not drug- 
related), and intensity (mild, moderate, or severe). All 
serious vascular events (including cardiac, peripheral 
vascular, and cerebrovascular events) and upper gastro- 
intestinal perforations, ulcers, and bleeds were reviewed by 
independent blinded adjudication committees, who deter- 
mined if they were confirmed events according to 
prespecified case definitions (confirmed events) (Bombar- 
dier et al, 2000; Konstam et ah 2001). 

Statistical Analysis 

The primary efficacy analysis compared the cumulative 
incidence of possible or probable AD according to NINCDS- 



ADRDA criteria (McKhann et al> 1984); patients with 
dementia of other cause were censored in the analysis at 
the rime of diagnosis. AD diagnoses confirmed by the end 
point adjudication committee were the only end points 
included in the primary analysis. The analysis was based on 
a Cox proportional hazards model of time-to-event data 
(based on the initial diagnosis of AD) using an intention-to- 
treat approach, which included all randomized patients 
regardless of whether or not they were taking study 
medication. The model included terms for treatment, region 
within the United States (North East, South East, South, 
Midwest, West), and baseline MMSE strata (baseline MMSE 
score ^26 vs >26). Region was intended to be a surrogate 
for investigating the influence of study site, since there were 
too few events at individual study sites to include that as a 
factor. An additional prespecified on-drug analysis was 
restricted to patients who convened to AD within 14 days of 
being on study medication. 

The calculation for the power statement assumed that the 
incidence of possible or probable AD over 2 years in the 
placebo group would be 30% and that the discontinuation 
rate would be 20%. Based on these considerations and a 
planned sample size of 520 evaluable patients per group, the 
study had 90% power to detect a one-third reduction in the 
incidence of AD in the rofecoxib group vs the placebo group 
with two-tailed oc = 0.05. 

Analyses of prespecified secondary measures (SRT- 
summed recall score, SRT-delayed recall score, MMSE 
score, ADAS-Cog score, CDR-sum of boxes score, BDRS 
score) were based on available data for evaluable patients 
(ie patients who had a baseline score arid at least one 
ostrandomization score). The annual rates of change from 
aseline to a given time point (slopes), and slope differences 
between groups, were estimated using an intention-to-treat 
approach (ie including all data regardless of whether a 
patient discontinued from therapy or not) and analyses 
were performed using longitudinal repeated measures 
models for the comparison, under the assumption that 
missing data were missing at random (ie ignorable 
missingness). Additional sensitivity analyses were also 
performed using a last-observation -carried forward ap- 
proach, as well as with other models with different 
assumptions about the missing data structure. 

The present study had a broadly similar design 
(randomized, double-blind, placebo-controlled) and uti- 
lized some similar assessments (ADAS-Cog and CDR) to a 
previous 1-year AD treatment study of rofecoxib 25 mg in 
patients who had MMSE scores of 14-26 (Reines et al t 
2004). Since there were overlapping subgroups of patients 
who had MMSE scores of 24-26 in both studies, indicating 
a similar level of cognitive impairment despite the 
difference in diagnosis, we also conducted a post hoc 
analysis to compare change from baseline scores on 
measures of cognition (ADAS-Cog) and global function 
(CDR-sum of boxes) in the overlapping subgroups in the 
two studies. The analysis looked at estimated annual slope 
differences using the same methods as described above. 
For the subgroup from the previous AD treatment trial, 
the annual slope estimates were derived from data over 12 
months. Por the subgroup from the present study, the 
annual slope estimates were derived from data over 48 
months. 
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The assessment of tolerability included on-drug adverse 
experiences with onset up to 14 days after patients stopped 
taking test medication, and was based on the population of 
patients who took at least one dose of study medication. 
Prespedfied groupings of adverse experiences (eg the 
number of patients with one or more adverse experience) 
were analyzed using Fisher's exact test. 



RESULTS 

The study profile is shown in the study flowchart (Figure 1). 
A total of 1457 patients were randomized. The study was 
terminated after 189 confirmed diagnoses of AD had been 
made. The median duration of study participation was 115 
weeks in the rofecoxib group and 130 weeks in the placebo 
group. The median duration patients took study medication 
was 94 weeks in the rofecoxib group and 105 weeks in the 



placebo group. Estimates of treatment compliance based on 
counts of the number of tablets in medication bottles at 
each clinic visit and calculated as ((number of days on 
therapy/number of days in study) x 100) indicated reason- 
able compliance; 61.0% of the 725 patients randomized to 
rofecoxib and 70.8% of the 732 patients randomized to 
placebo had > 80% compliance during the time they were in 
the study. Approximately 45% of patients discontinued the 
study prematurely, while 40% completed the study on-drug 
(including patients who had not completed 48 months of 
treatment but were still in the study at the time of 
termination), and 15% completed the study off-drug. 
Reasons for discontinuation were generally similar across 
the treatment groups, although there were some small 
differences; for example, a greater proportion of patients in 
the placebo group discontinued due to withdrawal of 
consent (see Figure 1). The time course of discontinuations 
was similar between the treatment groups over the duration 
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of the study (data not shown). Of those who discontinued, 
placebo patients had higher baseline ADAS-Cog scores, 
indicative of greater cognitive impairment and possibly 
greater risk of progression to AD, than patients randomized 
to rofecoxib (/> = 0.034 in a logistic regression model)i the 
mean baseline ADAS-Cog score was 9.6 in placebo 
discontinues vs 9-1 in rofecoxib discontinues. The change 
from baseline to last evaluation time point scores on the 
ADAS-Cog, MMSE, and CDR-sum of boxes in the subgroup 
of discontinued patients who had at least one on- treatment 
evaluation was similar between the treatment groups (data 
not shown). 

Table 1 shows the baseline demographic characteristics 
and baseline test scores for randomized patients. The 
groups were generally comparable with regard to baseline 
characteristics and test scores. The distribution of second- 
ary diagnoses at baseline was generally similar between the 
groups. The most common pre-existing medical conditions 
were hypertension (37.7% in the rofecoxib group and 34,3% 
in the placebo group) and osteoarthritis (22.2% in the 



Table 1 Baseline Patient Characteristics 


Characteristic 


Placebo 
(N=732) m 


Rofecoxib 

25 mg 
(N=725)* 


% Women 


31.1* 


34.3% 


% Family hisTory of AD 


29,5% 


31 2% 


% ApolipoprOTtt'n rA 


35.8% 


34.6% 


Yton Of education 






' 1 1 or less 


9.8% 


1 1.2% 


12-17 


77.7% 


74.7% 


18 or more 


12.4% 


13,4% 


Mean (SD) years of age 


74,8 (6,0) 


75 1 (6.0) 


Mean (SO) AVLT score* 


28.6 (5.8) 


28.6 (S.7) 


Mean (SD) MMSE score c 


27.3 (1.7) 


27.4 ((.7) 


Mean (SD) CDR-turn of boxes score d 


1.4 (0.6) 


1.4 (0.9) 


Mean (SD) ADAS-Cog scors* 


9/1 (3.8) 


9.2 (4.0) 


Mean (SD) SRT-summerJ f«c<ill score' 


33.6 (9.1) 


33.4 (9X>) 


Mean (SD) SRT-detyed recall score 8 


4.5 (2.4) 


4.4 (2.5) 


Mean (SD) BDRS score* 


1 1 (0.7) 


I.I (0.8) 



*S*implc sizes varied for some measures due lo missing daxa, For apolipoproiein 
genoxyping, sample sizes were 669 for placebo and 652 for rofecoxib. 
b Audrtory Verbal Learning Tesx. Range = 0-75; lower score indicates gi-eaxer 
impairment 

^Mhi Mental Staie Exam Ran^e = O-30; lower score indicates greater 
impairment. 

d CJimcal Dementia Raxing. RanRe = 0-!8: higher score indicates greater 
impairment. 

"Cognitive subscale of the AD Ay,essment Scale. Range *=0-70; higher score 
indicates greater impairment. 

Selective Reminding Tew (immediate recall component) Range 0 72; lower 
5CQre indicates greyer impairment. 

•Selective Reminding Test (delayed recall component). Ranj;e = 0-I2; lower 
score indicates greater impairment. 

*BJcssed Dementia Rating Scale. Range = 0-17; higher score indicate?; greater 
impairment 



rofecoxib group and 24 3% in the placebo group). The 
percentages of patients with reported prior use (for any 
length of time in the 2 months prior to study entry for 
NSAlDs and estrogen, and 1 month prior to study entry for 
other drugs) of drugs claimed to have an influence on 
dementia were generally similar in the rofecoxib vs placebo 
groups for NSAIDs (8.4 vs 10.2%), ginkgo (12.6 vs 11.2%), 
statins (14.9 vs 13.0%), estrogen (0.4 vs 1.4%), and vitamin E 
>400IU daily (5.8 vs 5.6%). The percentages of patients 
with reported concomitant use (for any length of time 
during the study) of drugs claimed to have an influence on 
dementia were lower in the rofecoxib group than the 
placebo group for NSAIDs (30.9 vs 34.7%) and estrogen (2.6 
vs 4.8%), higher for cholinesterase inhibitors (1 1.2 vs 8.6%) ► 
and similar for statins (24.8 vs 24.9%), ginkgo (13.7 vs 
12.8%), and vitamin E >400IU daily (7.3 vs 7.5%). The 
median duration of reported concomitant NSAID use was 
lower in the rofecoxib group (5.6 weeks) than the placebo 
group (7.4 weeks). The percentages of patients with 
reported aspirin use in the 2 months prior to the study 
were 10-1% in the rofecoxib group and 9.0% in the placebo 
group. The percentages of patients with reported aspirin 
during the study were 31.7% in the rofecoxib group and 
29.9% in the placebo group. 

A total of 195 investigator diagnoses of dementia (190 
diagnoses of possible or probable AD and five diagnoses of 
non-AD dementia) were evaluated by the end point 
adjudication committee. The primary end point of clinically 
diagnosed AD included the 189 patients who were 
confirmed to have developed possible or probable AD by 
^2 members of the committee. Two events adjudicated to 
be non-AD dementia, two events adjudicated to be 
nondementia, and two events in which there was no 
agreement between adjudicators (one adjudicator classified 
the event as AD, one classified it as non-AD dementia, and 
one classified it as nondementia) were not included as end 
points in the primary analysis. In the 189 patients with 
adjudicator-confirmed clinically diagnosed AD> global CDR 
scores at the last clinic visit were 0.5 (questionable 
dementia) in 23 patients, one (mild dementia) in 159 
patients, two (moderate dementia) in eight patients, and 
three (severe dementia) in one patient. 

In the rofecoxib group, 107 of 725 (14,8%) patients had 
clinically diagnosed AD over the 4-year study period vs 82 
of 732 (11.2%) placebo patients over 4 years. The estimated 
hazard ratio (rofecoxib : placebo), adjusting for the effects of 
baseline MMSE stratum and region, was 1.46 (95% CI: 1.09, 
1.94), which was statistically significant (p = 0.011, Waid v 2 
test) in favor of placebo. The treatment-by-time interaction 
was not significant (p = 0.260), indicating that the propor- 
tional hazards assumption was reasonably met, Baseline 
MMSE stratum (score <26; score >26) had a highly 
statistically significant effect on outcome with an estimated 
hazard ratio of 3.23 (95% CI: 2.42, 4.32) (p< 0.001), 
indicating that patients in the lower stratum were much 
more likely to progress to AD irrespective of treatment 
assignment. Treatment effects were consistent across MMSE 
stratum levels, as well as geographic regions. Kaplan-Meier 
estimated proportions of patients with clinically diagnosed 
AD at 4-month increments are shown in Table 2. A 
separation in event rates between treatment groups was 
evident at the earliest time point (4 months), a gap that was 
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Table 2 Kaplan-Meier Estimated Proportions of Clinically 
Diagnosed AD ax 4-Monih Intervals 



Placebo 



Rofeeoxib 



Month after 




Estimated 




Estimated 


treatment 


N m 


proportion 




proportion 


0 


732 


0.0 


725 


0.0 


A 
*j 


/v/ 


0.3 


6G2 


0.9 


Q 
0 


666 


1 A 


642 


3.1 


12 


625 


3.1 


582 


5.1 


16 


501 


4.2 


535 


7.4 


20 


528 


6.4 


486 


9.2 


24 


458 


9.2 


US 


17.3 


28 


390 


10.3 


344 


14.2 


32 


359 


11.0 


31 1 


15.7 


36 


310 


12,5 


256 


17.9 


40 


240 


13.7 


214 


19.3 


44 


177 


15.6 


159 


210 


48 


86 


174 


68 


23.0 



a Number or patients at risk (number who had not been censored nor had an 
event up to, but not including, thai Time point). 



maintained through the last follow-up time point of 48 
months as shown by the nonsignificant p-value for the test 
of proportionality of treatment-specific hazard rates (see 
above), Estimated annual diagnosis rates were 6.4% (95% 
CI: 5.3%, 7.7%) in the rofeeoxib group and 4,5% (95% CI: 
3.6%, 5.6%) in the placebo group. The above analysis 
included patients whether or not they were taking study 
medication. In the prespecified analysis looking at events 
that occurred on-drag (N= 723 for rofeeoxib and N=72B 
for placebo), there was no evidence for an increased hazard 
ratio (1.49 (95% CI: 1X8, 2.05), p = 0.014) compared with 
the hazard ratio of 1.46 observed in the primary analysis, 
which included paucnis who had stopped taking study 
treatment. 

To further explore the unexpected finding favoring 
placebo in the primary analysis, we conducted a post hoc 
analysis to adjust for factors that showed an effect, at a 
significance level of p< 0.10, on progression to AD. Those 
factors correlated with greater likelihood of progression to 
AD were lower baseline MMSE score stratum (24^26), 
female gender, age >75, and prior ginkgo use. Factors 
associated with a decreased risk of progressing to AD were 
longer duration of concomitant N5AID use, and concomi- 
tant use of statins. In the analysis that adjusted for these 
factors, the statistical significance of the hazard ratio was 
reduced (1.31 (95% CI: 0.98, 1.75) p = 0.065). Presence of 
the apolipoprotcin ?A allele was a risk factor but was not 
included in the model because information was missing for 
a substantial proportion of patients. Based on a significance 
level of p < 0. 10, family history of AD did not appear to be a 
risk factor in this study. 

Because rofeeoxib and other NSAIDs can cause small 
mean increases in blood pressure (Gertz et al> 2002; 
Schwartz et al % 2002), and there is some evidence to suggest 



that increased blood pressure might be associated with an 
increased risk of dementia (Skoog, 1997; Birkenhager et al, 
2001), we also performed two post hoc analyses to evaluate 
whether the rofeeoxib : placebo risk ratio for diagnosis of 
AD increased as a function of increased blood pressure 
change. In the first analysis, change from baseline in mean 
arterial blood pressure (defined as (2 x diastolic blood 
pressure + systolic blood pressure)/3) at month 4 was 
calculated for each patient The rofeeoxib : placebo odds 
ratios for diagnosis of AD were then calculated for three 
categories of patients: those with no change or a decrease 
(odds ratio = 1.43), those with an increase ^ 5 mmHg (odds 
ratio =1.18), and those with an increase > 5 mmHg (odds 
ratio = 1.47). The Breslow-Day test of homogeneity of the 
odds ratios across categories indicated no significant 
differences (p~ 0.895). In the second post hoc analysis, we 
looked at a predefined limit of change in systolic blood 
pressure, which was prespecified as a postrandomization 
value that was > 180 mmHg and showed a > 20 mmHg 
increase from baseline. The rofeeoxib : placebo hazard ratios 
for diagnosis of AD were similar in those patients who did 
not meet the predefined limit of change criteria (hazard 
ratio a 1.42 (95% CI: 1.06, 1.92)), compared with those who 
did meet the criteria (hazard ratio =1.53 (95% CI: 0.49, 
4.81)). 

The least squares mean scores for the secondary end 
points of cognition and function at 1-year intervals using 
the repeated measures models approach described in 
Methods are summarized in Table 3. The prespecified 
analysis looked at the estimated annual slope difference 
(placebo minus rofeeoxib) for each measure based on data 
over the entire 4-year period. In contrast to the primary end 
point, there were no significant differences between 
treatment groups on estimated annual slope differences 
for SRT-summed recall score (slope difference = 0.026 (95% 
CI: -0.307, 0.359), p = 0.878), SRT-delayed recall score 
(slope difference = -0.012 (95% CI; —0.104, 0-081), 
p = 0.806), MMSE Score (slope difference = -0.002 (95% 
CI: -0.095, 0.090), p = 0.959), ADAS-Cog score (slope 
difference = -0.098 (95% CI: -0.287, 0.091), p = 0.311), or 
BDRS score (slope difference = 0.079 (95% CI: -0.081, 
0.238), p =0.333). The slope difference for the CDR-sum of 
boxes score showed a nonsignificant trend in favor of 
placebo (slope difference = -0,068 (95% CI: -0-139, 0.002), 
p = 0.058); this would be expected to be highly correlated 
with the primary end point since the global score on the 
CDR was used to trigger the diagnosis of AD. Additional 
sensitivity analyses for the secondary end points were also 
performed using a last-observation -carried forward ap- 
proach- The results, indicating a lack of treatment 
differences, were similar across these analyses, which were 
based on different assumptions about the missing data 
structure. 

The post hoc analysis comparing test scores in over- 
lapping subgroups of patients with MMSE scores of 24-26 
in the present study (the subgroup with the worst 
prognosis) and a previous AD treatment study (Reines 
et al, 2004) included a total of 405 patients (rofeeoxib 
AT= 189, placebo W=216) from the present MCI study, and 
205 patients (rofeeoxib N = 91, placebo N= 114) from the 
previous AD treatment study. There was no consistent 
evidence of a differential treatment effect of rofeeoxib in the 
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overlapping subgroups in the two studies. The estimated 
annual slope difference for the ADAS -Cog score was —0.240 
(95% CI: -0.736, 0.255), p = 0.340 in the MMSE 24-26 
subgroup from the present study, and 0.447 (95% CI: 
-1.284, 2.178), p = 0.61 1 in the MMSE 24-26 subgroup from 
the previous AD treatment study. The estimated annual 
slope difference for the CDR-sum of boxes score was —0.180 
(95% CI: -0.350, -0.009), p = 0.039 in the MMSE 24-26 
subgroup from the present study, and -0.053 (95% CI: 
-0.560, 0.454), p — 0.837 in the MMSE 24-26 subgroup from 
the previous AD treatment study. 

A total of 1451 patients were included in the on-drug 
safety analysis (723 in the rofecoxib group and 728 in the 
placebo group). There were slightly fewer patients in the 
safety analysis than in the efficacy analysis because six 
patients who never took study medication were excluded 
from the safety analysis. The adverse experience profile is 
summarized in Table 4. The rofecoxib and placebo groups 
were similar with regard to the percentages of patients with 
any adverse experience, any serious adverse experience, and 
who discontinued treatment due to an adverse experience. 
There was a significant increase for rofecoxib in the number 
of patients with adverse experiences that were considered 
possibly, probably, or definitely drug-related by the 
investigators. The most common dnig-related adverse 
experiences are shown in Table 4. There was no particular 
individual adverse experience that contributed to the overall 
difference between rofecoxib and placebo for drug-related 
adverse experiences, and relatively few patients discontin- 
ued study treatment due to drug-related adverse experi- 
ences (58 or 8.0% for rofecoxib and 41 or 5.6% for placebo). 
The number of patients with confirmed upper gastrointest-' 
inal perforations* ulcers, or bleeds was 14 in the rofecoxib 
group and four in the placebo group. A total of 39 deaths 
occurred in patients who were taking study treatment or 
from fatal adverse events that started within 14 days of the 
last dose (24 or 3.3% for rofecoxib and 15 or 2.1% for 
placebo). Patients died from a range of causes that were 
consistent with expectations for an elderly population, and 
there was no specific pattern as to the cause of death in 
either treatment group. The only specific fatal adverse 
events with more than one patient per treatment group were 
myocardial infarction (four patients on rofecoxib and three 
on placebo), cardiac arrest (two patients on rofecoxib and 
none on placebo), pneumonia (two patients on rofecoxib 
and none on placebo), and renal failure (one patient on 
rofecoxib and two on placebo). (An individual patient may 
have had more than one adverse event associated with 
death.) Off-drug follow-up mortality data were available for 
less than half of the patients (2sT= 356 for rofecoxib, N= 307 
for placebo); the median duration of off-drug follow-up in 
these patients was 29 weeks in the rofecoxib group and 20 
weeks in the placebo group. There were an additional 22 
deaths in the off-drug period (17 in patients assigned to 
rofecoxib and five in patients assigned to placebo); 12 of 
these (11 in the rofecoxib group and one in the placebo 
group) occurred more than 48 weeks after treatment 
discontinuation. Compared with the on-drug period, there 
were an additional five patients with off-drug myocardial 
infarction fatal adverse events (five rofecoxib! none 
placebo), and an additional two patients with each of 
cardiac arrest (two rofecoxib, none placebo), pneumonia 
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Table 4 Summary of Clinical Adverse Experiences 



Number (%) of patients with 



Placebo 
(N = 728) 



Rofecoxib 
25 mg (N = 723) 



> 1 adverse experience 


670 (92.0%) 


65 1 (90.0%) 


£e 1 drvj^-relaxed adverse experience* 


173 (23.856) 


2 1 1 (29.2%)* 


Serious adverse experience* 


236 (32.4%) 


217 (30.0%) 


Discontinued treatment due 10 


147 (20.2%) 


156 (21.6%) 


adverse experience 




Mqsi common drug retoted c/cVcrac experiences* 




Diarrhea 


16 (22%) 


1 [ (f,5%) 


Dyspepsia 


17 {2.2%) 


24 (3.3%) 


Nausea 


15 (2,1%) 


11 (1.9%) 


Dizziness 


M (1.9%) 


18 (2.5%) 


Peripheral edema 


1 1 (1,5%) 


23 (3.2%) 


increased blood pressure 


14(1.9%) 


16 (2.2%) 


Hypertension 


25 (3.4%) 


29 (4.0%) 



^Experiences Thai were raxed \\% possibly, probably, or definitely drug-related by 
xhe investigator. 

b Death, cancer, any adverse event that was life threatening, resumed in persistent 

or Significant disability, resulted in or prolonged an existing hosprcalizsmon, or any 

other important medical event 

e lncidence >2.0% in either treatment group. 

•Significantly different from placebo, fx 0.05. 



(two rofecoxib, none placebo), and renal failure (two 
rofecoxib, none placebo) off-drug fatal adverse events. 
The number of patients with confirmed serious thrombotic 
vascular events on-drug was similar in the two groups (38 in 
the rofecoxib group and 36 in the placebo group). There 
were a total of six patients with confirmed ischemic strokes 
and one patient with hemorrhagic stroke in the rofecoxib 
group compared to 13 patients with confirmed ischemic 
strokes and two patients with hemorrhagic strokes in the 
placebo group. Thirteen patients in the rofecoxib group had 
confirmed nonfatal myocardial infarctions v$ 10 in the 
placebo group. 



DISCUSSION 

In this 4-year study of 1457 patients with MCI. there was no 
evidence that rofecoxib delayed a diagnosis of AD. A 
treatment difference in favor of placebo was observed on 
the primary end point of time to clinically diagnosed AD. 
This finding was not confirmed by secondary measures of 
cognition (ADAS-Cog, SRT, MMSE) or global function 
(BDRS, CDR-sum of boxes), which found no statistically 
significant or clinically meaningful differences between 
treatment groups. The possibility that rofecoxib might be 
inferior to placebo was also not supported by data from two 
large previous AD treatment studies, which included 
patients with an MMSE score up to 26 (thereby partly 
overlapping with patients in the present study who had an 
MMSE score ^24), and found that rofecoxib had no 
significant effect on the progression of cognitive or 
functional decline (Aiscn et al, 2003; Reines et ah 2004). 



Given the unexpected nature of the primary finding, it 
was thought important to compare the present results with 
those from an independent database. We therefore con- 
ducted a post hoc analysis of test scores in subgroups of 
patients with MMSE scores of 24-26 in the present study (ie 
those patients who were most likely to receive a diagnosis of 
AD) and in a previous AD treatment study (Reines et al> 
2004). These studies had similar designs and utilized similar 
assessments. Since MCI is hypothesized to be on a 
continuum of cognitive impairment ranging from very mild 
impairment (ie MCI) through mild, moderate, and severe 
dementia, it is plausible that many patients with MMSE 
scores of 24-26 in the two studies may have been 
biologically similar, even though one group was diagnosed 
with dementia and the other was not. There was no evidence 
to suggest differences between treatments on assessments of 
cognition (ADAS-Cog) in this subgroup in cither study. In 
the subgroup analysis from the present study, there was a 
significant difference between treatments for the CDR-sum 
of boxes score. This finding was not surprising given that 
the global score on the CDR was the trigger for diagnosing 
AD. Indeed, because of its close relation with the primary 
end point of AD diagnosis, the CDR sum-of boxes score can 
be viewed as a surrogate for the primary end point. There 
was no difference between rofecoxib and placebo on the 
CDR sum-of-boxes score in the subgroup analysis from the 
previous AD treatment study. 

An intriguing observation in the present study was that 
the separation between treatment groups in rates of 
diagnosis of AD was apparent from 4 months (the earliest 
time point assessed) but did not increase over time, raising 
the possibility that there may have been an imbalance 
between the groups at baseline. Although there was no clear 
evidence of a major imbalance for measured baseline 
variables* including severity of impairment, the model 
which adjusted for covariates that were risk factors for 
receiving a diagnosis of AD showed the smallest treatment 
effect and was not statistically significant. The finding that 
the treatment difference was not further increased in the 
analysis restricted to the on-drug population was also not 
supportive of a true treatment effect. 

Since this is the first report of a completed randomized 
controlled study examining progression to an AD diagnosis 
in MCI patients, it is important to consider aspects of the 
design or conduct of the study that could have had an 
influence on the results. An obvious concern in a study with 
a long duration is that differential discontinuation rates 
may have influenced the results, A discontinuation rate of 
approximately 45% occurred over the course of the study 
and only 40% of patients completed the study on-drug. 
These findings are not surprising given the duration of the 
study and the elderly population being investigated. Overall 
discontinuation rates, time course of discontinuations, and 
change from baseline test scores at the time of discontinua- 
tion were similar between the treatment groups, although 
there were some small differences between the groups with 
regard to specific reasons for discontinuation; for example, 
a greater proportion of patients in the placebo group 
discontinued due to withdrawal of consent. The relatively 
high proportion of patients who withdrew consent may 
have been a consequence of the fact that patients were 
required to sign an additional consent form after 2 years, 
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owing to the study being extended beyond the original 
timeline, and were unwilling to go beyond their initial 
commitment. There was also some evidence that patients 
who discontinued from the placebo group were more 
impaired at baseline on the ADAS-Cog than patients who 
discontinued from the rofecoxib group. If the more 
impaired patients who discontinued were at higher risk of 
conversion to AD, then differential dropouts may have had 
an influence on the results. 

Another notable observation in the present study was that 
the overall annual AD diagnosis rate of 5-6% was lower 
than the anticipated 10-15% annua) diagnosis rate reported 
in previous observational or natural history studies 
(Petersen et aU 2001a>b). There are several possible 
explanations for this disparity. Firsdy, the diagnosis of 
MCI is heavily dependent on clinical judgment (Petersen, 
2003), and the particular tests and score thresholds used to 
provide objective evidence of memory impairment are not 
standardized (Chertkow, 2002i Petersen, 2003). It is there- 
fore possible that the population of patients included in the 
study was more heterogenous than, or different fxom> MCI 
populations previously described. Indeed, the population 
contained a lower proportion of women and patients with 
the apolipoprotein k4 allele than others have reported 
(Petersen et al, 1999; Jack et al> 1999; Morris et al. 2001). 
Another possible contributing factor to the low diagnosis 
rates was the change in the cut- score criteria on the AVLT 
(the memory test used to provide objective evidence of 
memory impairment) during the study. After 6 months of 
enrollment, the cutoff was changed from age- adjusted 1.5 
SD cut scores to a single cut score 1 SD below the mean for 
normal elderly subjects (see Appendix Al). We retro- 
spectively looked at diagnosis rates in patients who met the 
original 1.5 SD criteria (N=203 for rofecoxib and N=203 
for placebo) and the estimated annual diagnosis rates 
(11.3% for rofecoxib and 8.3% for placebo) were more in 
line with previous data, although still lower than anticipated 
for the placebo group. Finally, the fact that the MCI concept 
was relatively new at the time the study was initiated, along 
with the source of the patients (advertising campaigns as 
well as direct clinical referrals), may have also resulted in 
greater heterogeneity with regard to underlying etiology in 
the recruited patients. 

To summarize the efficacy data, the unexpected primary 
finding in the present study suggesting that rofecoxib might 
accelerate the rate of AD diagnosis in patients with MCI was 
not supported by data on secondary measures in the same 
study, nor by other data from previous studies that assessed 
cognitive and functional decline in AD patients (Aisen et al, 
2003; Reines et al, 2004). These observations suggest that 
the finding may not be indicative of a true treatment effect. 
If not a true effect* then the most likely explanations are a 
chance occurrence, or an imbalance between the treatment 
groups that existed at baseline or arose during the study due 
to differential discontinuations. 

We cannot exclude the possibility that rofecoxib might 
accelerate conversion of MCI patients to AD, although this 
possibility would be at variance with the prior epidemio- 
logical and clinical data cited above, as well as the body of 
experimental evidence suggesting that COX-2 inhibition 
might attenuate neuronal death in several disease states 
including Parkinson's disease, multiple sclerosis, and 



amyotrophic lateral sclerosis, in addition to AD (Andreas- 
son et aU 2001; Jain et aU 2002; Xiang et al, 2002; Giovannini 
et al, 2003; Scali et al, 2003; Teismann et at, 2003; Qin et al, 
2003; Consilvio et al, 2004; Rose et al, 2004). The early onset 
of the treatment difference (and the lack of progressive 
widening of the difference over the course of the trial) 
further argues against a direct effect of rofecoxib on the 
underlying pathophysiology in AD. It could be speculated 
that the apparent increased conversion to AD might be 
secondary to a non-AD-specific aspect of rofecoxib's 
biological effects. For example, rofecoxib and other NSAIDs 
can cause small mean increases in blood pressure (Gertz 
et al, 2002; Schwartz et al, 2002). It has been suggested that 
increased blood pressure might be associated with an 
increased risk of dementia, although the evidence is 
inconsistent (Skoog, 1997; Birkenhager et al, 2001). We 
investigated this possibility by performing post hoc analyses 
to determine if the rofecoxib ; placebo risk ratio for 
diagnosis of AD increased as a function of increased blood 
pressure change. There was no evidence for such a 
relationship. A proposed mechanism by which increased 
blood pressure could lead to dementia is due to an 
increased risk for cardiovascular adverse events such as 
strokes or infarcts. As noted below, there was no evidence 
for an increase in these types of events in patients taking 
rofecoxib Furthermore* CT or MRI brain scans were 
performed in all patients diagnosed with dementia, to 
exclude the possibility of vascular dementia. 

In addition to evaluating efficacy, the present study 
provided important placebo-controlled data on the safety of 
rofecoxib 25 rng over periods of up to 4 years in an elderly 
population. The median duration of exposure to study 
medication was approximately 2 years. The mean age of 
patients was 75 years and approximately 50% were at least 
75 years old- Previous safety data on rofecoxib come largely 
from osteoarthritis studies looking at a relatively younger 
population with a mean age around 60 years (Langman et at, 
1999; Reicin et al, 2002). Rofecoxib was generally well 
tolerated by the elderly patients in the study, consistent with 
results from prior clinical studies in osteoarthritis (Lang- 
man et al, 1999; Reicin et at, 2002) and AD (Reines et al, 
2004). The overall incidence of adverse experiences, serious 
adverse experiences, and discontinuations due to adverse 
experiences were similar or only slightly increased for 
rofecoxib v$ placebo. Not surprisingly, there was an increase 
in the number of adverse experiences thought to be drug- 
related by the investigators for rofecoxib v$ placebo, but 
relatively few patients discontinued treatment due to these 
adverse experiences. The increase was mainly due to small 
increases in adverse experiences known to be associated 
with NSA1D use and previously reported for rofecoxib such 
as dyspepsia, hypertension, and peripheral edema. Despite 
the high mean age of the study population, few patients had 
confirmed upper gastrointestinal perforations, ulcers, or 
bleeds, although there were numerically more in the 
rofecoxib group than in the placebo group. Elderly patients 
are at increased risk for serious vascular events. Rofecoxib 
did not appear to increase the risk in this study, since the 
number of confirmed serious thrombotic vascular events 
was similar in each treatment group. The procedure used 
for determining confirmed cardiovascular events, such as 
heart attack and stroke, was the same as for the recent 
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3-year APPROVe (Adenomatous Polyp Prevention on Vioxx) 
study in 2586 patterns (62% male, mean age 59 years) with a 
history of colorectal adenomas, which found an approxi- 
mately two-fold increased relative risk for these events in 
patients taking rofecoxib vs placebo, beginning after 18 
months of treatment (Bresalier et at, 2004). The reason for 
the discrepancy between the present findings and those 
from APPROVe is unclear. No striking differences were 
noted between the treatment groups with regard to other* 
nonserious, vascular adverse events in the present study. 
The total number of deaths and causes of death on-drug 
were consistent with expectations for an elderly population, 
and there was no specific partem as to the cause of death in 
either treatment group. The off-drug mortality data are 
difficult to assess since follow- up information was available 
for less than half the patients, there was an imbalance in the 
extent of follow-up data between the two groups, and the 
majority of deaths occurred more than 48 weeks after 
treatment had been discontinued. 

In conclusion, the finding that rofecoxib did not delay a 
diagnosis of AD in the present study, or slow the 
progression of AD in previous studies (Aisen et at, 2003; 
Reines et al y 2004), suggests that inhibition of COX-2 is not 
a useful therapeutic approach in AD. It is possible that 
nonselective NSAIDs may still be found to have beneficial 
effects in treating or delaying the progression of symptoms 
in AD, due to factors other than COX-2 inhibition. 
However, the only long-term results from an adequately 
designed study with a nonselective NSAID (naproxen) 
available to date are not encouraging (Aisen et al, 2003). 
Trials evaluating alternative, non -anti- inflammatory, ap- 
proaches to delaying a diagnosis of AD in patients with MCI 
are underway (Petersen* 2003). 
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APPENDIX Al 
Details of Tests Used 

MMSE (Folstein et al 1975): This is a brief test of overall 
cognitive function (range of scores = 0-30, lower score 
indicates greater impairment). Patients who scored <24 
were excluded because of the possibility that they might 
have dementia. 

AVLT (Schmidt, 1996): This is a 15-item, five-trial, word 
recall test (range of scores =* 0-75, lower score indicates 
greater impairment). The interference trial and delayed 
recall trial, which usually follow the initial five-trial learning 
phase, were not administered. Patients had to score <37 
words recalled correctly over five trials as objective evidence 
of memory impairment. This corresponds to a score < 1 SD 
below the mean for normal elderly subjects aged 65-69 
(Ivnik et al, 1990). For the first 6 months of study 
enrollment, age-adjusted cut scores 1.5 SDs below the 
means for separate age bands were used (eg there was a cut 



score for those aged 67-69, another cut score for those 
aged 70-72, etc), but the criteria were modified after 
6 months due to concerns that the original criteria may 
have been too strict and were conflicting with investigator's 
clinical judgment (see Petersen, 2003), resulting in low 
enrollment. 

CDR (Morris, 1 993): This is a global dementia rating scale, 
based on a semistructured interview with the patient and an 
informant. Patients are rated on dementia severity 
(0 = none, 0.5 = questionable dementia, 1 = mild dementia, 
2 = moderate dementia, 3 = severe dementia) in six do- 
mains or 'boxes* (memory, orientation, judgment and 
problem solving, community affairs, home and hobbies, 
personal care). The global CDR score (range = 0-3, higher 
score indicates greater impairment) was determined ac- 
cording to a computerized version of the published scoring 
algorithm (http://www.biostat.wustl.edu/-adrc/cdrpgm/in- 
dex.html). The sum of scores on the individual boxes was 
also calculated (range = 0-18, higher score indicates greater 
impairment). Patients had to have a global CDR score of 0.5 
(questionable dementia) with a score of at least 0-5 in the 
memory domain to qualify for study entry. 

ADAS-Cog (Rosen et al y 1984): This consists of 11 
performance-based subtests of cognition, including mea- 
sures of memory and praxis. The error scores on each 
subtest are added to give the total score (range = 0-70, 
higher score indicates greater impairment), 

SRT (Buschke, 1973); This is a 12-itern, six-trial, word list 
recall test with selective reminding of words not correctly 
recalled on the immediately preceding trial. Following the 
sixth trial, there is a 5 min delay, after which the patients are 
again asked to recall the list of 12 words. Two scores were 
derived — the sum of the number of words recalled over 
each of the six selective reminding trials (SRT-summed 
recall: range = 0-72, lower score indicates greater impair- 
ment) and the number of words recalled after the 5 min 
delay (SRT-delayed recall; range = 0-12, lower score in- 
dicates greater impairment). 

BDRS (Morris et a/, 1988): The version from the CERAD 
battery was used. This is an informant-based rating of a 
patient's ability to perform activities of daily living such as 
household tasks (Part 1) and self-care (Part 2) (range of 
scores = 0-17, higher score indicates greater impairment). 
Patients who scored > 3.5 with any Part 1 item score > 0.5 
(indicating severe impairment) were excluded because of 
the possibility of dementia. 
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APPENDIX Al 
Details of Tests Used 

MMSE (Folstein et al, 1975): This is a brief test of overall 
cognitive function (range of scores = 0-30, lower score 
indicates greater impairment). Patients who scored <24 
were excluded because of the possibility that they might 
have dementia. 

AVLT (Schmidt, 1996): This is a 15-item, five-trial, word 
recall test (range of scores = 0-75, lower score indicates 
greater impairment). The interference trial and delayed 
recall trial, which usually follow the initial five-trial learning 
phase, were not administered. Patients had to score <37 
words recalled correctly over five trials as objective evidence 
of memory impairment. This corresponds to a score ^ 1 SD 
below the mean for normal elderly subjects aged 65-69 
(Ivnik et al, 1990). For the first 6 months of study 
enrollment, age-adjusted cut scores 1,5 SDs below the 
means for separate age bands were used (eg there was a cut 



score for those aged 67-69, another cut score for those 
aged 70-72, etc), but the criteria were modified after 
6 months due to concerns that the original criteria may 
have been too strict and were conflicting with investigator's 
clinical judgment (see Petersen, 2003), resulting in low 
enrollment. 

CDR (Morris, 1993): This is a global dementia rating scale, 
based on a semistructured interview with the patient and an 
informant. Patients are rated on dementia severity 
(0 = none, 0.5 = questionable dementia, 1 = mild dementia, 
2 = moderate dementia, 3 = severe dementia) in six do- 
mains or 'boxes' (memory, orientation, judgment and 
problem solving, community affairs* home and hobbies, 
personal care). The global CDR score (range — 0-3, higher 
score indicates greater impairment) was determined ac- 
cording to a computerized version of the published scoring 
algorithm (http://www.biostat.wusd.edu/~adrc/cdrpgm/in- 
dex.htrril). The sum of scores on the individual boxes was 
also calculated (range = 0-18, higher score indicates greater 
impairment). Patients had to have a global CDR score of 0.5 
(questionable dementia) with a score of at least 0.5 in the 
memory domain to qualify for study entry. 

ADAS-Cog (Rosen et al, 1984): This consists of 11 
performance-based subtests of cognition, including mea- 
sures of memory and praxis. The error scores on each 
subtest are added to give the total score (range = 0-70, 
higher score indicates greater impairment). 

SRT (Buschke, 1973): This is a 12-item, six-trial, word list 
recall test with selective reminding of words not correctly 
recalled on the immediately preceding trial Following the 
sixth trial, there is a 5min delay, after which the patients are 
again asked to recall the list of 12 words. Two scores were 
derived- -the sum of the number of words recalled over 
each of the six selective reminding trials (SRT-summed 
recall: range = 0-72, lower score indicates greater impair- 
ment) and the number of words recalled after the 5 min 
delay (SRT-delayed recall; range = 0-12, lower score in- 
dicates greater impairment). 

BDRS (Morris et al 1988): The version from the CERAD 
battery was used. This is an informant-based rating of a 
patient's ability to perform activities of daily living such as 
household tasks (Part 1) and self-care (Part 2) (range of 
scores = 0-1 7. higher score indicates greater impairment). 
Patients who scored >3.5 with any Part 1 item score >0.5 
(indicating severe impairment) were excluded because of 
the possibility of dementia. 



1215 



Neunopsycho pharmacology 



TOTAL P. 02 



likll-T RkPORTS 



Subjective Memory Deterioration and Future Dementia in People 
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OBJECTIVES: To study whether subjective memory dete- 
rioration is associated with future dementia in older people. 
DESIGN: A population-based prospective cohort study 
begun in 1994 with biennial follow-up interviews. 
SETTING: Community-based members of Group Health 
Cooperative, a large health maintenance organization in the 
Seattle area. 

PARTICIPANTS: A sample of 1,883 subjects, dementia 
free, aged 65 and older, who scored 91 or higher on the 100- 
point Cognitive Ability Screening Instrument (CASI) at 
study entry. 

MEASUREMENTS} Subjective memory was assessed by 
asking whether memory had changed oh 5-point Likerc 
scales (e.g., 1 = definitely improved, 3 = no change, 5 = def- 
initely deteriorated) with regard to five items: remembering 
names, faces, friends, and appointments and judging the 
time. The items were summed for a possible total score 
ranging from 5 to 25, Subjective memory deterioration was 
defined as present if the total score was 20 or above. Cog- 
nitive performance was measured using the CASI. Incident 
dementia cases were identified using Diagnostic and Statis- 
tical Manual of Mental Disorders, Fourth Edition criteria. 
RESULTS: Of 1,883 subjects, 126 developed dementia 
during 5 years of follow-up. Subjective memory deteriora- 
tion was associated with cognitive decline and incident de- 
mentia. Age modified the association between subjective 
memory deterioration and future dementia. For persons 
reporting subjective memory deterioration, at the ages of 70, 
75, and 80, the hazard ratios of developing dementia were 
6.0 (95% confidence interval (CI) -2.1-18), 3.2 (95% 
CI = 1.6-6.2) and 1.6 (95% CI - 0.86-3.1), respectively. 



From die Departments of *Medicinc, ^iosratisiics, 'Environmental Health, 
^Epidemiology, and "Neurology, University of Washington, Seatcle, 
Washington; and "'Group Health Cooperative Center for Health Studies, 
Seattle, Washington. 

The research on which this article is based was performed pursuant to 
cooperative agreement UOl AG06781 with the National Institute on Aging 
(NIA)i National Institutes of Health (NTH). Drs, van Belle and Knkull also 
acknowledge support o/UOt AG16*976 with the NIA, NIH. Dr. Crane was 
supported by Grant K08 AG 022232-01 from the NIA. 

Address correspondence to Gerald van Belle, Box 357232, University of 
Washington, Seatdc WA 98195- E-mail: van belle^u .washington.edu 



CONCLUSION: Subjective memory deterioration was 
found to precede the development of dementia in older 
people with normal cognitive screening results. These find- 
ings suggest that a high level of subjective memory deteri- 
oration in persons with normal objective cognitive function 
may identify a subser of individuals at greater risk for 
developing dementia. J Am Gcriatr Soc 52;2045-2051, 2004- 
Key words: subjective memory deterioration; incident 
dementia 



The introduction of interventions to slow down the de- 
velopment of Alzheimer's disease (AD) and other types 
of dementia stresses the need to detect dementia at an early 
stage. Therefore, it is important to search for early signs of 
dementia. Many older people report subjective memory 
decline or so called memory complaints. 1 " 4 Self-pcrccived 
memory deterioration may be a harbinger of future demen- 
tia in older people. 

Development of dementia, particularly AD, often fol- 
lows a gradual course that may take years before clinical 
dementia can be observed. During its course, people might 
perceive their own cognitive decline, manifested as memory 
deterioration, at an early period when they still appear 
normal, but it is unknown whether, and to what extent, self- 
perceived decline is a perception of the normal aging proc- 
ess or might represent an early sign of dementia. 

Several population-based longitudinal studies found 
that subjective memory complaints were associated with 
cognitive decline or dementia, 4 " 10 but other studies found 
no association, 11 ' 12 Most of these studies included individ- 
uals with evidence of objective cognitive impairment and 
therefore were unable to address the question of whether 
subjective memory complaints were a sign of future de- 
mentia at an early stage when objective impairment was not 
evident. Few studies have investigated the temporal rela- 
tionship between subjective memory complaints and future 
dementia in nondemented older people who had no objec- 
tive evidence of cognitive impairment on a screening test. 
Only two reports, both from the Amsterdam Study of the 
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Elderly (ASE), found that memory complaints were asso- 
ciated "with incident AD 7 and accelerated cognitive decline 9 
in older people in whom cognitive impairment was not yet 
apparent. In the ASE, memory complaint$ were assessed 
using a general question regarding whether; a person had 
complaints about memory. The question assessed the prev- 
alence- of memory problems, but people could complain 
about their memory for reasons that were not necessarily 
related to worsening in memory. 13 - 14 By contrast, the cur- 
rent study focused on perceived change in memory as as- 
sessed:using five specific questions about whether a person's 
memory had changed, because perceived worsening in 
memory might be an early sign in the development of de- 
mentia with insidious onset like AD. It was: hypothesized 
that a high level of self-perceived memory decline is asso- 
ciated, with future dementia in older people whose cognition 
was in the normal range at baseline. 

METHODS 

Subjects ! 
The subjects were selected from the Adu^t Changes in 
Thought (ACT) study. The study design of the ACT has 
been described in more detail elsewhere. 1 5,1,6 In brief, the 
study population was sampled from Group Health Coop- 
erative members aged 65 and older in the Seattle area from 
1994 to 1996. Subjects received the Cognitive Ability 
Screening Instrument (CASI) 57 as the initial cognitive screen 
and were interviewed with structured questionnaires io ob- 
tain data on demographics, medical history^ memory and 
general functioning, and potential epidemiological risk 
factors. The CASI provides quantitative assessment of at- 
tention, concentration, orientation, short-term memory, 
long-term memory, language ability, visual! construction, 
list-generating fluency, abstraction, and judgment. 17 The 
CASI score ranges from 0 to 100. Scores of th£ Mini-Menral 
State Examination and the modified Mini-Mental Stare Ex- 
amination can also be estimated from subsets of the CASI 
items. 17 Subjects scoring 86 or higher were directly entered 
into the ACT cohort as cognicively inract. iThosc with a 
score lower than 86 or an invalid CASI score underwent 
additional medical record review and further evaluation. 
Those who did not meet established criteria for dementia 1 * 
were included in the ACT inception cohort. Of a random 
sample of 6,782 subjects, 1,360 were ineligible because they 
were current residents of a nursing home, were participat- 
ing in another research study, had existing dementia, or met 
criteria for dementia as a result of screening jand examina- 
tions. Of 5,422 eligible subjects, 2,841 chose not to partic- 
ipate for a variety of medical, personal, and|other reasons 
before they were formally approached and asked for con- 
sent; 2,581 enrolled in the study. Nonrcsponse has been 
described elsewhere. 15 Briefly, refusal was more common in 
the oldest age group ( > 85), women, and African- American 
and minority groups. Dementia and AD incidence rates 
from the ACT study have been published. These races were 
in accordance with rates reported in U.S. and European 
cohort studies. 15 

The present study sample was selected from the 2,581 
ACT participants. One thousand eight hundred ninety-four 
subjects whose CASI scores were above the 2i5th percentile 
(CASI scores 91-100) were selected. Six hundred eighty- 
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seven subjects whose CASI scores were in the lowest quartile 
(CASI scores 62-90 or invalid scores) were excluded because 
the lowest quarcile group might include subjects who had 
cognitive impairment or impending dementia, and thus, it 
could not be ascertained that subjective memory deteriora- 
tion preceded the development of dementia in this group. 
Eleven subjects who did not have baseline data on subjective 
memory change were also excluded. Of 1,883 subjects in- 
cluded in this study, 1,739 had at least one follow-up visir, 
144 died or discontinued right after their baseline visits. 

Incident Dementia 

Biennial examinations were conducted to identify incident 
dementia cases. Subjects were rescrecned using the CASI at 
biennial examinations. Those who scored 86 or higher on 
che CASI remained in the ACT cohort. CASI scores of less 
than 86 at follow-up triggered a full standardized clinical 
examination. The results of rescreening using che CASI and 
the clinical examination were reviewed at a consensus di- 
agnosis conference that included at least che examining 
physician, a neuropsychologist, another study physician, 
and the study nurse. Subjects who did not meet the criteria 
for dementia remained in the ACT cohort, receiving follow- 
up with biennial examinations, whereas subjects who met 
the criteria for dementia were considered as incident de- 
mentia cases and were followed annually to confirm che 
accuracy of the dementia diagnosis. Subjects who met the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) criteria 18 for dementia were con- 
sidered incident dementia cases. Dementia type was deter- 
mined using the National Institute of Neurological and 
Communicative Disease and Stroke/Alzheimer 4 * Disease 
and Related Disorder Association criteria 1 * for AD and 
DSM-IV criteria 1H for other types of dementia. 

Cognitive Function 

Overall cognitive ability was measured using the CASI. 
Memory performance was measured using the short- term 
memory recall (STM), which is the three-word recall within 
the CASI test. Cognitive decline was defined as a drop in 
CASI scores to 86 or lower at follow-up, because the cutoff 
CASI score value of S6 was the threshold used to trigger 
clinical examinations. 

Assessment of Subjective Memory Change 
Subjective memory change, as a part of memory and func- 
tioning evaluation, was assessed using five items. "In the 
past 10 to 20 years or since the last visit, do you think: (1) 
Your ability to remember che names of people you have just 
met has changed? (2) Your ability to remember the faces of 
people you have just met has changed? (3) Your ability to 
remember che names of close friends or relatives has 
changed? (4) Your ability to remember appointments cor- 
rectly has changed? (5) Your ability to judge che passage of 
rime and guessing the time of day without looking at a clock 
or the sun has changed?" Response categories for each item 
were 1 - definitely improved, 2 slightly improved, 3 = no 
change, 4 - slightly deteriorated, and 5 = definitely deteri- 
orated. The Subjective Memory Rating Scale (SMRS) was 
composed by summing the five items and ranged from 5 to 
25. A score of 15 on the SMRS indicated no change on 
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average, and a score of 20 indicated slight deterioration in 
all items on average. Subjective memory deterioration was 
defined as an SMRS score of 20 and above. 

Other Variables 

Demographic variables were age, sex, ethnicity, and years 
of education. Family history of AD was defined as having a 
first^degree relative (parent or sibling) with AD. Depression 
was measured using the 11-itcm Center for Epidemiologic 
Studies Depression Scale (CES-D) 20 at baseline. CES-D 
scores ranged from 0 to 33, with higher scores representing 
more depressive symptoms. A blood sample' was drawn from 
consenting subjects at baseline to obtain apolipoprotein E 
(ApoE) genotype. 

Data Analysis 

Cronbach alpha tesr was performed to assess die internal 
consistency of the SMRS, Exploratory factor analysis was 
used to describe relationships between the five memory items. 

Because many factors, such as depress! on, 2 " 4,6 **' edu- 
cation level, 2 - 15 ApoE genotype,* 21 and a family history of 
AD, could confound self-reported subjective memory, con- 
founders needed to be examined and adjusted. Therefore, 
logistic regression was used to examine factors that might 
be associated with subjective memory deterioration at base- 
line. The analysis used the factors age; sex; years of edu- 
cation; family history of AD; ApoE genotype: and baseline 
CES-D, CASI, and STM scores. 

To investigate whether subjective memory deteriora- 
tion was associated with cognitive decline* logistic regres- 
sion, was performed using cognitive decline as the response 
variable. Not only the temporal relationship of subjective 
memory deterioration preceding cognitive decline, but also 
the co-occurrence of subjective memory deterioration and 
performance decline was examined to assess the validity of 
subjective memory deterioration. In this analysis, subjective 
memory deterioration was classified as subjective memory 
deterioration at baseline or new subjective memory deteri- 
oration at follow-up. The variables adjusted for were age; 
sex; years of education,- family history of AD; ApoE gen- 
otype; and baseline CES-D, CASI, and STM scores. 

To evaluate the temporal relationship between subjec- 
tive memory deterioration and incident dementia, Cox re- 
gression was performed using years of age for the time scale, 
left truncated at age of entry into the study, the outcome of 
interest was the time from the age of entry into the study to 
the age of dementia. The predictor of interest was subjective 
memory deterioration at baseline. Hazard ratios (HRs) in 
the Cox model were calculated at years of age during the 
study. Because onset of clinical dementia, particularly AD, 
is not a discretely rimed event, it could only be determined 
that a subject developed dementia during the study period 
between the time of dementia diagnosis and the previous 
examination. The halfway point between diagnosis and the 
previous examination was taken as the event time for de- 
mentia. Subjects who died or discontinued the study before 
developing dementia were considered censored at the last 
visit date. Subjects who did not develop dementia during 
the srudy were considered censored at the last follow-up 
dace. Variables adjusted for were baseline cognitive per- 
formance, ApoE genotype, family history of AD, baseline 



CES^D scores, sex, and education. The Schoenfeld residual 
test 22 was used to check the proportional hazard assump- 
tion. If the assumption failed, time-varying covariates were 
introduced. 

To investigate potential effect modifications, the inter- 
actions between subjective memory deterioration and other 
covariates were tested in these regression models. Effect 
modification was considered to be present if the coefficient 
for the interaction was found to be statistically significant at 
P = .05. 



RESULTS 

Study participants were followed from 1994 to 2002, with a 
mean ± standard deviation follow-up of 5.2 ±2.1 years. 
Of 1,883 subjects, 1,288 remained dementia free, 326 died, 
143 dropped out, and 126 developed dementia (83 AD). 
Table 1 shows the baseline characteristics of study partic- 
ipants who remained dementia free, developed dementia, 
dropped out or died. Table 2 shows the baseline character- 
istics of study population by levels of subjective memory 
deterioration. 

Over 5 years of follow-up, 15% of persons with base- 
line subjective memory deterioration developed dementia, 
in comparison with 13% of persons with family history of 
AD and 11% of persons with ApoE c3/4 or e4/4 alleles. By 
contrast, dementia occurred in 6% of persons without 
baseline subjective memory deterioration, 6% of persons 
without family history of AD, and 6% of persons with 
ApoE e3/3 alleles. 

The SMRS had a Cronbach alpha coefficient of 0.6. 
Exploratory factor analysis found one common factor with 
an eigen value greater than 1 and factor loadings from 0.4 
to 0.5 for the five items of remembering names, faces, 
friends and relatives, and appointments and judging time. 

Factors associated with subjective memory deteriora- 
tion at baseline were older age, male sex, high CES-D 
scores, and presence of the ApoE e2/4 alleles. Odds ratios of 
subjective memory deterioration for 5-year increments of 
age, male sex, one-point increase of CES-D score, and pres- 
ence of ApoE e2/4 alleles versus e3/3 alleles were 1.28 (95% 
confidence interval (CI) = 1.07-1.54), 1.96 (95% 
CI = 1.24-3,10), 1.10 (95% CI =1.06-1.15), and 3.14 
(95% CI = 1.10-8.99), respectively. Baseline subjective 
memory deterioration was not associated with perform- 
ance on the cognitive and memory tests using CASI and 
STM. Although it was expected that a family history of AD 
might lead to concerns about memory deterioration, the 
data showed that family history of AD was not associated 
with subjective memory deterioration. 

Subjective memory deterioration was associated with 
cognitive decline at follow-up. Of 1,739 subjects who had 
been followed, 1,599 reported no subjective memory dete- 
rioration at baseline and follow-up, 79 reported subjective 
memory deterioration at baseline, and 61 reported new 
subjective memory deterioration ar follow-up. During fol- 
low-up, 202 subjects declined in their cognitive perform- 
ance, with a drop in CASI score to 86 or lower: 165 (10.3%) 
of those without subjective memory deterioration, 21 
(34.4%) of those with subjective memory deterioration at 
fohWup, and 16 (20.3%) of those with subjective memory 
deterioration at baseline. Odds ratios of cognitive decline 
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Baseline Variables 



Age, mean ± SD 
Sex, n (%) 

Male 

Female 
Ethnicity, n (%) 

White 

Nonwhrte 
Education, years 
<12, n(%) 
>12,n(%) 
Mean ± SD 

Apolipoprotein E alleles, n (%) 
ea/3 
e2/4 

e2/2 or e2/3 
©3/4 or e4/4 
Missing 
Family htetoiy of Alzheimer's 
disease, n (%) 
No 
Yes- 

Subjective memory rating 

scale (5-25) 

<15, n (%) 

16-19, n (%) 

>20, n (%) 

Score, mean ± SD 
Short-term memory recall 

score (CM 2) 

<9, n (%) 

10^12, n (%) 

Mean ± SD 
Cognitive ability screening 

instrument score (0-100) 

91-93, n (%) 

94-97, n (%) 

98-100, n (%) 

Mean i SD 
Depression 

Center for Epidemiologic Studies 
Depression scale score, 
mean ± SD (range 0-33) 



SD => standard deviation. 

were 2.7 (95% CI = 1.45-4.98) and 3.5 (95% CI = 1.92- 
6,28), respectively, for subjects who reported subjective 
memory deterioration at baseline and who reported new 
subjective memory deterioration at follow-upi after adjust- 
baseline Performance on CASI and STM, baseline 
CES-D- scores, age of reporting subjective memory deteri- 
oration, ApoE genotype, and family history of AD. 

Subjective memory deterioration at baseline was asso- 
ciated with incident dementia during follow-up, as illus- 
trated m Figure 1. Of 1,739 participants who had at least 
1 year of follow-up, 126 developed dementia, and 1,613 
were censored as no dementia at the last follow-up. Age 
modified the association between subjective memory dete- 



Nondfemented 
\n = i,*£oo; 68%) 


Demented 
(n = 126; 7%) 


Dropped Out or Died 
(n - 469; 25%) 


Total 
(N = 1,883; 100%) 


73.$ ± 5.2 


78.4 ± 5.5 


76.5 ± 6.6 


74.6 ± 5.8 


489 (64) 
799 (71) 


55 (7) 
71 (6) 


215 (28) 
254 (23) 


759 
1.124 


1 208(68) 
7^(72) 


1ZZ (7) 

4(4) 
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442 (25) 
27 (25) 


1772 
110 


93; (57) 
1,1£l3(69) 
14.3 ±2.7 


12(7) 
113(6) 
14.3 ±2.8 


57 (35) 
412 (24) 
13.9 ±2.9 


162 
1,718 
14.2 ±2.7 


i 

738 (70) 
231(82) 
169(69) 
242 (64) 

in (65) 


61(6) 
3(9) 
8(3) 
43(11) 
11(6) 


254 (24) 

3(9) 
68(28) 
96(25) 
48 (26) 


1,053 
34 
245 
381 
170 


1,207(68) 

82|(71) 

: 
i 


110(6) 
15 (13) 


451 (26) 
18(16) 


1.768 
115 


37^ (70) 
865 (69) 
50 !(57) 
16.4 ;± 1.7 


26(5) 
67(7) 
13 (15) 
16.9 ± 2.0 


44(8) 
90(7) 
9(10) 
16.3 ±2.1 


536 
1,260 
87 

16.4 ± 1.8 


122(57) 

I, 16p(70) 

II. 1 J± 1.1 


29 (14) 
97(6) 
10.5 ± 1.4 


14(7) 
129 (8) 
10.9 ±1.1 


214 
1,669 
11.0±1.2 


309!(59) 
676' (68) 
303 ; (81 ) 
95.4 \k 2.4 


50 (10) 
64(6) 
12(3) 
94-3 ± 2.3 


56(11) 
65(7) 
22 (6) 
94.7 ± 2.3 


520 
98B 
375 
95.2 ± 2.4 


3.7 ± 3.9 


5.3 ± 4.6 


4.7 ±4.6) 


4.1 ±4.2 



rioration and incident dementia, as indicated by the statis- 
tically significant interaction between subjective memory 
deterioration and age at baseline in the Cox model. For 
example, for persons reporting subjective memory deteri- 
oration at the ages of 70, 75, and 80, the HRs of developing 
dementia were 6.0 (95% CI = 2.1-18), 3-2 (95% CI = 1 6- 
6.2), and 1.6 (95% CI = 0.86-3.1), respectively. These HRs 
were adjusted for age, ApoE genotype, family history of 
AD, and baseline STM and CES-D scores. The baseline 
CASI score was no longer a significant predictor for inci- 
dent dementia after including the baseline STM score in the 
Cox model. No subject entering the study at the age of 65 
developed dementia during the study period. 
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Table 2. Baseline Characteristics by Levels of Subjective Memory Deterioration 



Subjective Memory Rating Scale Score 



Baseline Characteristic 15* (n = 1536; 26%) 9* (n = 1 ,260; 67%) 20* (n i 87; 5%) Total (N = 1 ,883; 1 00%) 



Age t mean ± SD 
Sex, n (%) 

Male 

Female 
Ethnicity, n (%) 

White 

N on white 
Apollpoprotein E alleles, n (%) 

e3/3 

e2/4 

©2/2ore2/3 
e3/4ore4/4 
Missing 
Family history of Alzheimer's 
disease, n (%) 
No 
Yes 

Short-term memory recall 

score (0-12) 

<9, n (%) 

10-12. n(%) 

Mean ± SD 
Cognitive ability screening 

instrument score (0-100) 

91-93. n (%) 

94^97, n (%) 

93-100, n(%) 

Mean ± SD 
Education, years 

<12, n(%) 

>"12. n (%) 
Mean ± SD 
Depression 

Center for Epidemiologic Studies 
Depression scale score, 
mean ± SD (range 0-33) 



73.6; ± 5.5 


74.9 ± 5.9 


76.1 ± 6.0 


74.6 ± 5.8 


217(29) 

319 (28) 

i 


494 (65) 
766 (68) 


48(6) 
39 (3) 


759 
1,124 


503 (28) 
33|(30) 


1,195 (67) 
64(58) 


74(4) 
13(12) 


1,772 
110 


s 

oOq (29) 
4(12) 
63i(26) 
104(27) 
59 1(35) 


694 (66) 
25 (74) 
167(68) 
265 (70) 
109 (64) 


53 (5) 
5(15) 
15(6) 
12(3) 
2(1) 


1.053 
34 
245 
381 
170 


i 

50d (28) 
34^29) 


1,183(67) 
77 (65) * 


79(5) 
8(7) 


1,764 
119 


41 (19) 
49^(30) 
11.1 ! ± 1.1 


184(77) 
1,096 (66) 
10.9 ±1.2 


9(4) 
78(5) 
10.95 ± 1.0 


214 
1.669 
11.0 ±1.2 


11 7; (23) 
3111(31) 
108! (29) 
95-4 <± 2.3 


378 (73) 
632 (64) 
250 (67) 
95.1 ±2.4 


25(5) 
45(5) 
17(5) 
95.1 ± 2.4 


520 
988 
375 
95.2 ± 2.4 


51 j[31) 
485] (28) 
14.3 ±2.7 


101 (62) 
1,156 (68) 
14.2 ±2.7 


10(6) 
77(4) 
14.6 ± 3.1 


162 
1,718 
14.2 ±2.7 


3.0 i 3.4 


4.3 ± 4.4 


6.2 ± 5.0 


4.1 ± 4.2 



f No self-perceived deterioration, 
^ome deterioration. 

? Definite deterioration. i 
SD = atanda/d deviation. 

To assess the potential biases that subjects who died or 
were lost to folW-up might introduce, logistic regression 
was performed ro examine whether subjective memory de- 
terioration was associated with death and jdropout, It was 
found that subjective memory deterioration! at baseline was 
not associated with death and dropout. Therefore, the in- 
fluence of death and dropout on the estimates for the as- 
sociations of subjective memory deterioration with 
cognitive decline and incident dementia was minimal in 
this study. 

DISCUSSION 

Ir was found chat older people with subjective memory de- 
terioration at baseline were at greater rislc of developing 
dementia during J years of follow up, even though at base- 



line they performed as well as those without subjective 
memory deterioration on the CASI and the short-term 
memory recall. These findings support the hypothesis that 
subjective memory deterioration provides additional infor- 
mation about future dementia at a time when a screening 
test does not show objective evidence of cognitive impair- 
ment. A screening test administered at one point measures 
levels of cognitive function but not the change in cognitive 
function of a person over time. In contrast, subjective 
memory deterioration assesses sclf-perceived change over 
time in a person, but longitudinal assessments including 
better measures of subjective memory deterioration and 
objective memory function are necessary to determine the 
validity of self-reported memory changes over time. Nev- 
ertheless, it is reasonable to speculate that high-performing 
individuals may be aware of decline in their memory, when 
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Kapran-Meier Survival Estimates, by Subjective MGrnjory Deterioration 
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Figure 1. Kaplan-Meier survival estimates for the probabilities 
of being dementia free. Subjects who reported subjective mem- 
ory deterioration (SMD) but scored normal on the Cognitive 
Ability Screening Instrument at baseline were liess likely to be 
dementia free than those who reported no SMD* 



they are still able to perform in the normal range on a 
screening tesr. Subjective memory deterioration might in- 
dicate mild cognitive impairments that could be detected if 
a more comprehensive assessment were used. 

One of the strengths of this study is ifs prospective, 
longitudinal nature. This design avoids some of the pitfalls 
inherent in cross*sectional measurement of 'longitudinally 
developing processes. The principal findings of this study 
are that a high level of subjective memory deterioration was 
associated with cognitive decline and futurb dementia in 
older people who did not have objective cognitive impair- 
ment according to a screening test; age modified the asso- 
ciation between subjective memory deterioration and future 
dementia, with younger persons reporting subjective mem- 
ory deterioration having a higher risk of dementia than 
older persons reporting subjective memory ^deterioration. 
One report from the ASE found that, for 2,169 subjects 
with normal baseline cognition, memory complaints were 
associated with incident AD in 3 years of follow-up. 7 An- 
other ASE report found chat memory compljaints were as- 
sociated with accelerated cognitive decline oiver 6 years of 
follow-up in cognitivcly norma) elderly. 9 Th<*se two studies 
used a single question to assess subjective memory: "Do you 
have complaints about your memory?" A srAallcr longitu- 
dinal study wirh 331 subjects (20 subjects with dementia) 
and 7 to 8 years follow-up showed that memory complaints 
rcflecred perceptions of past memory performance and an 
early manifestation of memory impairment. 5 The associa- 
tion between complaints and future memory performance 
was present even when dementia cases were excluded, but 
the magnitude of the association decreased. In this study, 5 
memory complaints were assessed using four|speeific ques- 
tions regarding whether a person's memory had become 
worse ((1) remembering recent things, (2) remembering 
where belongings were located, (3) recalling conversations, 
and (4) remembering appointments and social arrange- 
ments) and compared with earlier in life. Although the dif- 
ferences in subjective memory measures and study methods 
make results difficult to compare across the studies, the re- 



sults of the current study are consistent with these longi- 
tudinal studies 5 ' 7 '** and provide evidence that subjective 
memory deterioration can be associated with subsequent 
cognitive decline and future dementia. 

Subjective memory deterioration was associated with a 
higher risk of developing dementia in younger persons than 
in older persons. Although these analyses showed that the 
magnitude of this effect modification by age was large, the 
finding needs to be confirmed and replicated in other stud- 
ies. It is possible that small numbers of persons with sub- 
jective memory deterioration who developed dementia in 
various age groups may generate an unstable estimate for 
the interaction of subjective memory deterioration with 
age. If these findings are confirmed, there are several pos- 
sible explanations for this effect modification. One possi- 
bility is that younger old persons may assess their memory 
changes more correctly than older persons. Because exec- 
utive impairments develop with age, self-assessment of 
subjective memory may become less reliable in older age. 
Another possible explanation is that memory problems are 
more common in older age groups ( > 80), so it is more 
difficult to distinguish whether subjective memory deteri- 
oration is an early sign of dementia or so-called normal 
aging. This is probably related to the fact that cognitive 
function changes, like so many age-related changes, have 
increased variance with age and increased frequency with 
age; thus, the distinction between normal and abnormal 
becomes more difficult at older ages. 

The data showed that subjective memory deterioration 
at baseline and new subjective memory deterioration at 
follow-up were strongly associated with decline in cognitive 
performance. The subjective memory deterioration meas- 
ure has adequate face validity, but the subjective memory 
deterioration scale was imprecise and had a low predictive 
value for dementia, which implies that, in its present form, 
it would likely have limited clinical utility. This measure is 
not proposed as a diagnostic test for detecting early de- 
mentia. Better measurement of subjective memory may help 
improve the ability to identify a subgroup of individuals at 
high risk for developing dementia. The need for instrument 
development in assessing changes in subjective memory, 
which combined with clinical tests, might have potential to 
be a practical way of identifying individuals in an early 
stage of developing dementia, is stressed. Of the five mem- 
ory items, the judgment of time reflects orientation rather 
than memory. Thus, subjective memory deterioration as 
defined in this study might assess a broader range of cog- 
nitive decline than memory per se. 

The relationship between subjective memory com- 
plaints and depression has been reported. 24,25 It was found 
in the current study that subjective memory deterioration at 
baseline was associated with higher CES-D scores. After 
adjusting for CES-D score, there was still a significant re- 
lationship between baseline subjective memory deteriora- 
tion and incident dementia, but because extensive 
psychometric measurements were not performed on per- 
sons who were in the normal range on the screening test, it 
cannot be ascertained whether subjective memory deterio- 
ration was due to subtle but real impairments or to some 
other causes like depression. 

Studies have reported that education levels were asso- 
ciated with memory complaints 2 ' 15 and cognitive decline 
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and dementia,* 6 - 28 although other studied had different re- 
sults. 29 ' 30 It was found that educarion levels were not as- 
sociated with subjective memory deterioration at baseline 
or incident dementia at follow-up in this well-educated co- 
hort. The analyses might have been underpowered to detect 
such associations if they exist, because there were few sub- 
jects with low levels of education (2% with < 8 years and 
6% with 9-11 years of education). These findings may ap- 
ply only to relatively wcll-cducatcd populations. 

It may be important to identify individuals at high risk 
of developing AD and other types of dementia at an early 
stage. When effective interventions become available, early 
treatment may slow the development of disease and prevent 
further irreversible damage from occurring. The current 
study suggests that some older individuals with normal 
cognitive functioning who go on to develop dementia ap- 
pear ro be able to discern changes in their memory before 
those changes are apparent on cognitive screening tests. 
This study adds to the growing body of evidence that sug- 
gests that a high level of subjective memory deterioration 
may represent an early sign of dementia in a subset of in- 
dividuals. Presenr research tools are too blunt to apply 
widely, and future work should develop better tools to 
measure this area. 
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Treating Mild Cognitive Impairment 

The Ahsence of Evidence 

RS, Roach, MD 



The absents of cvi Jtnce does not consti- 
tute cWovc of absence. 

William bafirt 

Musi people with ALhcimex dis- 
ease (AT)) develop mild cuguiuve 
Impairment (MCO as an tardal STP.p 
toward progressively severe demen- 
tia, but there arc numerous Other 
causes of MO. If we define AD by 
iKparhotogicfll changes raiher lhan 
by the$evency and variety of Its signs 
and symptoms, then many, per- 
haps even most, individuals with 
MCI will eventually prove to hare 
party AD. And If a medicaliuu im- 
proves cognitive function nf a per- 
son with AD, even modestly, why 
not treat individuals with MCI? It 
scein* reasonable to guess that a 
mrdtrartnn known uialkviale symp- 
toms of AD conld ^l$o be nseml in 
the different conditions with over- 
lapping clinical manifestations. 

Scieurifii: disagietiiieuu often 
arise because key facts are missing, 
and there are many questions we 
need to answer more completely \a 
order to know how to best deal with 
MCI- How effective arc aoctvlcho- 
liiiesleiase; inhibiloi* in individu- 
als with Mf.P if rhpsr. drugs im- 
prove function in 1 MCI subgroup, 
can wc assume that they will have 
the same effect in individuals in 
nrhersnhgraups? If a medlcaUuxi in- 
effective, does lis use tyiaVp enough 
difference to juaticy theeflon, cost, 



Aulbui AHUiMlIuici. Wake F vi til 
Uut?eiaiiy School of Mcdkfnt, 
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and risk; of tttatWentV If a medica- 
tion meaningf ully improves qual- 
ity of life* can wc justify not using 

il? 

Cam bier and Tnuchun 1 argue 
that although individuals with MC.T 
have an increased BUelihood oi pro- 
jessing to frank dementia during* 
10-yrar inletval. many uf than re- 
main Stable and $nmp evp.n revpn lu 
normal durmg this period. More- 
over, the heterogeneity and unpre- 
dictability of MCI make it difficult 
to treat affected individuals with lW 
Unesterasp. inhibitors. Randomized 

c linical trials UStnft th ese trnig? in 
people with MCI hay f t%/» ^gynTtji- 
s trated consistent unprovement in 
co^iLiiuji^oi luwcied the likely 
h r^dprdpyplnplny. AD after Mp 7 L 

While Petersen and Moms 1 agree 
thai MCI is heterogeneous, they ar- 
gue that UiUch of tblSi variability is 
llkp.ly rn disappear as we become 
more precise in defining Md sub- 
types and identifying its Afferent 
causes. More accurate ctossifica 
tion, in turn, creates an opportu- 
nity 10 offer treatment to selected in- 
dividual? hcFnre their symptoms 
become advanced 1 both sides agree 
on the need lot continuing studies. 

Reasonable arguments can be 
made bulk fui and against bearing 
individual* umh Mfl wtih nhnlln- 
esterase inhibitors. Mild cognitive 
impairment is not a unique clinical 
enn'ty, and proof that the available 
drugs benefit Luiidiliuns udiei Uiau 
AP ts lacking NpvPTThp1eA5> many 
individuals with MCI progress to 
AD, and il tfeemc intuitive that ear- 



lier rrearmenr should be uxurc effec- 
tive. This debate should nni nH- 
scure the fact that the currently 
available dru^s are not drama ti- 
udly effective even under idea) cir- 
ruynsTances. and we must continue 
our efforts to develop other type? of 
therapy tor MQ and AD. 
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Mild Cognitive Impairment Is Not a Clinical Entity 
and Should Not Be Treated 
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piuftnid in the. diag- 
nosis and treatment 
<>l AWhO.lmci disease 
(\D) and rp.luled 
demcmUsMhau^U: Lba avaitahlHly 
ofwell-v^tlmrd dUsnOAUu emend 
(Tjiawosiu: and Sinrlwimt Manual OJ 
Moiial DliorJt^, h<wnh rdicwn 

TologicJil ftiul Cuawwnicative Dis- 
orders and Sirnktr-lhe Alzheimer s 
Pise** and KchnPfl Obordcra A*- 

a Urw number ofwndotfwasd dhi - 
cal & i»UiX ctohwwjww mhttrt- 
tOrs lAChUls) mid Mcmamw. 
Work from specially neurologi- 
cal clinics 3ntfP«rt« thai mild cogm 
lint Impairment (VLU) * an only 
stage or AD, and dicr* is * tcmpM* 
don for nfijroioabu. lo inscribe 
AChHls in thi^i population. On me 
0(Uci hand, Oxcrc »s rpickiuiOWff 
ral evjdu.ee Owl many stfh|rcto la* 
beladtf* having MCI <!o n« vtfwiwij 
0 ver nine and iwy revert 10 normal 
comiilve abdmi*. A diagnosis of 
MCI us a prcdemi'nlia Siafcc- ol AD 
m such Individual; would he iiutc- 
cuTsre.andcaii) a hc*vy personal ™ d 
societal buxdpn. Reversible «ou*es oi 
MCI may be found. such as depres- 
sion, upper airway ohsirUU/um, and 
a variety of metabolic, numhOTta . ui 
sensory impairment, Sine* Mt.l <1opk 
noiconelimic a hmuc>&enC0U5 clini- 
cal syndrome, n is mappiopriaic 10 
propose A spt'ciVic dnig iccHimcOt 
enrh u> ACbEtai 'out ilit n™p;Utl<m 
ihai MCI b a rak Mftu uwr-wd fur- 
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ihercogmrivrdecUiu; isclinically 
una, andamirol of ri.sk Gm»9ueh 
as syMOlic hypertension, hypcrcho- 
IcsrtHniluiuifc diabetes mcllims atrial 
KbnUMtfm. naraicnt Ubamjr al- 
lacks, aneisimtomyy delay progres- 
sion to dementia. 

GUNEHAl.CONCfiPTUJ-Mn 

The rnnccpi J MCI to bdngwidr-ly 
used in eplrlrmidogical find clini- 
cal studies as *n imcj medialc cjafte 
Ijeiv/ccn coftniuvc pmrmuLy and de 

l^a^/p bnui Tound to have Ml 1 ill Lbu 
poputalion ai bi&t »nd many are 
iiowbcin S referrpri iu a^emOty eLin- 
jo. Tliwc & 3 on e^pec^nuu thai even 
Mrot-i numbers Ot indiviflnabs i/vnh 
memory LumpUSnw vHU r.rtm- 
Lng lonvard for -abocssmcnl in Lhc 
near fuiurc. 

The Ketcrogcneiiy oC MCI ^ 
been rcco^niecd in » rcpnri uf ine 
uuaVliy Suuidards Subcomminrn ur 
the Amcnrau Academy oi Neuml^ 
n « y i whec" 11 has bucn rccom- 
traded w quaUCy thtMcrm MC/^uh 
*1\ appi uiAiaic modifier sudi as "am- 
nc«hrr whitl. vad dclincd oppra- 
uoiully by t'rlcibCn a al^ m lMtJ9 

Mr.l IN SDEClAiTY CLINICS 

SiKeialiccd ehnics in Rucbcaicr, 
Minuend St Uuis, Mo.navec^b- 
ii^hrd thai ac'nn^iic la lu- 
nuemty a ptudroroc 10 AD 1 or lis firsC 
monifeslsulon. 1 Conversion fflief 
from omnestir MCI iu AD range 
from 12% 10 15%peryc«r. Tliubct- 
r.rogeneUy w*ihiB MU haa hecu 
noted nnd » ucw dassificauon n»s 
been propn.scd, based predomi- 
nnnUv on nMimtxiycKolORical prn- 
Cdca nndtoclud^amnesdcui single 
memory MCI, W ulttplP-domaln 
MCI. uud single nonmemoryMLi. 
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Tigurol. Optional aeftnltlwi ur irnnaaoo «nld . 
cognilivR impairment 

MCI LN POHL*U\TlON STUDIES 

l-ciimaiw uf lyrevalcncc of MH m 
P0pu.ari0ll'b»«l cpidcrniologu.^ 
sUidlw vary gcwily t'tcpcndii^on the 
definition in use ^ng« 3 ^ 
hi lO.m: The Cornu-r n C uic » ob- 
blnfid fium^cialbcd referral dlD- 
ictf using anuitsuc MCI criteria. 
V rierea€ the laU£r ftRure Kaa been 
ducumcmcdin ihc Cnnadinn oludy 
of Health and AgiaftVtew ^ icrm 
cotfM.'tive irfLpalrmtfrtt no d«mtmtia 
IUiVD) was defined as vorious cat^ 
ccorics ol itnpairmenL Ldcndi^cd m 
a clinical cxamiiwiitin arid ueuro- 
rjsycbulocical tcfit£. u Ihemrwi cwA' 
luon raubc of CtND ^ cirnim- 
.:crib£dmPmoiy nnpairmcnt, % clOS? 
oiuivalenr co orrmL-hUC MCI.V?iib a 
n.cvalencc otSM ' The fplluw-up 
of iudivaduab from that enhftn viUi 
Mt I defined by diffc^cnl criienalPrt 
to a Wide ranp,P of conversion to da- 
mcmia 0^>. Apai.6% 

28 8%). and death (30.i*-42.4%)> 

An cyideroioloftical^cudy 
on a gpfirrai practice rcacatch net- 
work in Hvance revtttied a pre\-a- 
tenceof 3.2% foiMH, which was a 
poui predictor of dcroPmia widun 
i»Vyr.ai period, with an ll.T^mii- 
vftt^ion nut vtnd many subjects re- 
verting to normal inanition. An- 
ovhcreohortm HrantBdCiiiuiistraifid 
» pNvdcrtCC ol 2#t> fcr MOwdn 
annual conversion i^tc nt o.J* 
acrn« 3 years, but ^thin 3 yp-are 
move ihnn ^0% of subjecw: Ml J 
hod rfcvertPfl I (> llonu.nl cognition. 
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nTove w*h>» .mralrmcnus. t»f- 
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i.up»innenl ^ ,,lfC ^ s f 

MCT.cven in ite relatively {*•*•*"- 
!£'uc subtype. i^iJSS 

UvinR tho muveraion horn MCI W 
AP hove been dbnppoinwg so hr. 

MClATHlGHgR»lSKOF 
CONVF.USION TO DfcMF-NTlA 

There are pauorns umc*Klntt lro ' n 
<pC Li»ltetd neurological cUm«. 

oworeasioo dcuicnua. t S Wfl> 
faciurs.9uchi.8ihp cnejlau** 

MCI lor pioiircijon io dtnttww. 
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MCI IN CUrrtt-AL PBAC1 LCF 
Aeration Of 

nu«eO for use CHIMC»1 F. 1 '" 

55. older .U 9 .. ^0 years com- 
moid* encountered It. neurology »- 

onm«lir. miscellaneous, nr Ollu* 
nicdic»J cai«llll«U6. The im P «r- 

uu.ee of neuropsycldsitric ty**- 
^ms lu MCl DsurOnBiu 

D ^on; a pwhy.a rt dirriwWjyV..nS 

ruOM. common, w c > 
u ihe mcsv common rypc oiMU 
whu-h we tabclw 'dysphoric. The 
«cond nwsi commoo is f 
(« individuals with cowc inv 
SrAentPS^ied^lhvaJcutorisU 

Core and vwcular lesions uu com 
lu-rt.omogiaphy^^W^ 

"^i 

nrtn sueh ? deep 

cohnlabu«,mci<xbol.c»"d urn 

(iotwddcfirtPnoiw. ncnsory depm*- 

Since Ihe dcprr^ive or dy. 
F hori, MCI profile «wy 

U^^ruvcncnbdiniwlA 0 . 
fon^pvisusi.resuesci'rcdbe. 

,>r oihcr rclevi.nl drug «uid npV«^ 
i^c psycboiheriipy. Although le« 

lilsdy io dctcnonir. over 
)o W -np U Clhca 5S oci a Lcdr.nnd 1 Uu.«, 

•able riwhichunoaiiAChElihovld 
he offeted. Misccll»nr.i)us caus«i ot 
WCt art reversible lor ihP.mOM -rt 
trpai mciU of ihe spccihf eUolu- 
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FDA rejects memantine fojr mild Alzheimer's 
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July 26, 2005 j 

The U.S. Food and Drug Administration (FDA) declined to approve 
memantine (Namenda) to treat mild ^Izheimer's disease, Forest 
Laboratories announced today. 

Memantine was approved to treat moderate to severe Alzheimer 
stages In 2003, , 

Forest ha$ conducted three studies rJt memantine as a treatment tor 
mild to moderate Alzheimer's. In onelstudy, participants taking 
memantine fared better than those receiving a placebo on teste of 
memory and thinking skills as well as! on assessments by their 
physicians and caregivers. In two othjer studies, memantine failed to 
show any statistically significant benefit compared with the placebo. 
In one of the studies that failed to $h(j)w benefit, participants were 
already on a stable dose of a cholinftjsterasfi inhibitor at the time 
they began taking memantine. 

! 

For more information, please see: I 

• Alzheimer's Association fact street on memantine 

i 

• Forest Laboratories press release about FDA's rejection of 

memantine for mild Alzheimer'^ disease 

i 

• A Medscape news article on tfjie study in mild Alzheimer's 
disease that found a statistically significant benefit for 
memantine 

(free registration required to access article) 

i 
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Efficacy of donepezil in mild 
cognitive impairment 

A randomized p|acebo-controUed trial 



[ ';S.'Safloway, MD, MS; S. Ferris, PliD; A. Khigerj PhD; R. Goldman, PhD; T. QotH;mg. Vb.U; D. Kumar, MS; 
and S, Richardson, PhD, ft>r the Donepezil "40l ; ' Study Group* 



JMt^wfract — Objective: To evaluate the efficacy and sajfety of the acctylcholinafiLaiaee uibjbilor duiusuezil hi a placebo 
Controlled trial in patients with mild cognitive impairment (MCD. Methods: A total of 270 pationts with MCI were enrolled 
f^iri A ^4-^w3k, ttoUicanttfr, randoniizod, doiililfl -blind; placebo-co» trolled #ludy. Patidnte were randomized to rocoivo 
fcj/donepecil (n «= 133; £ tag/day for 42 days, followed by forced do3c escalation to 10 mp/day) or placebo <n — 137). rrimarr 
vpefDcacy iiitjaaures were; the New Yoik University (NYtT) FaniuJrajjh Delayed Recall leal mid Uiu Alzhtdjuur £Hh«hhh (Aft) 
J'^f^oporfltlvp Study dinir.tan'R (rlnhal Tmprasjdnn nf nhangA fnr MCT f4TlftS GGTC-Mffl) Secondary ef&cacy measures 
[^included the modified AD AaEessment Scale- cognitive jBiibsc ale (ADAS-cog), the Patient Globol AflOCOCttaCnt {PGA), and 
^Additional oeuropfiychoiosric meaauxea. EfRcacy analyst were performed on intent -to-tre as (ITT) and fully evaluable CPE) 
^'populatianf;. Reatilut: Primary efQcacy measures of the NYU Paragraph Recall teat artd thR ADOS OftTn-rvTCT dirt nnt shnw 
fciigiiinc&nt treatment e fleets in the ITT population. Seme secondary measures showed eft acts favoring donepezil. More 
j'3oncpe2il''trcatcd patients showed imprOvcmcntd in At) AS- Cog total acoreis, in tests of attention and psychomotor Speed, 
Sffnti in.PCrA rhitrr. More. fionHpHyil-LrHHterl than plHratftj-fireHted patienta experienced adverse ftvpnu, mnsf. of whlnh. were 
'.^frulfc to moderate and transient. Conclusion: Although j?ifmineant treatmoni effects were nut Been m the primary efficacy 
| riacoourcG, outcome *j on ocoondury mcauureu ouggcot promising dircctionc for further evaluation of donepesj) treatment in 
i?l ^atient8 with MCL i 
ROLOOY2004iC0;Cwl-0-'J7 | 



iiyfald cojmltlvp. impflirmfmr. (MCT) if. currently | an 
{itca of considerable clinical and research intcucot 
Uswtuse of the High iaLw of cuuversioii fovm MCI Uj 
^|j^lzheim9r diflQase <AD), l,c Several studies havo dam- 
Pj'$nstrated that patient* vmh MCI progress to AD it a 
^laigher rate (10 to 13% per year) thai? normal elderly 
^patients (1 to '3% per year). Therefore, MU1 patichte 
* ^arts considered Lo be ul n lii^lier x Jsk. foi AD. 1$CI 
tfnay be classified as amnestic, single nonwmempry 
lomain impaired, or multiple domains slightly jm- 
i<ilr«ti.* AiniiHhLic MOT is di«LiiiyuLslitsd by inipiir- 
^ tjmbht of episodic memory. Compared with noiripa'l 
'M&Xin£* amnestic MCI is associated with a high degree 
i$tfrf mfirnnry 1mpa1mrmnr, wir.h Htxla or no Impairment 
frfitt- octivitica of daily living (AULa).* 10 Individuala 



•it: 

I 
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with flmnft«r.lr. MCT rlr> not mwst. the currently ac- 
cepted clinical criteria for probable AD. 

ThR hijrh mr.fi nf cnnvp.rRinn fW>m MCT t:o AD 
makes early diagnosis and tareatment important clirjt* 
Iral IsRiiftft. Tm its Rftrliftftl; stage.*, AD manifests pri- 
marily ae cognitive impairraesit. A? AD procresees, 
there is further losa of cognitive abilities, 3 loss of 
functional independence, and the development of be 
havioral problems 11 Early diagnosis and treatment 
may delay the onset of these symptoms, 

Rxranaivp data support, r.hrc use of cholinesterase 
Lnhibitoro (ChEia), including tacrine, dohepessil, riv- 
H^sti^inifiH, arid j^hIh ril.-i rn ine, fnr <,hfi f.rp.»r.mRnt nf 
mild to moderate AD,**-" While the paticnw in thcae 
sLuditw wurw uv^ii^d fnr up Ut 6 rmnil.hH, nr.h»r Rt.uri- 
iee of donepezil treatment of 1 year duration rurthcr 
>s up purl Lliw lung-Uinit liHrinfiLs tin ni^ni Hun Hnd fnniv 
tion in patients with mild to moderate AD. 17 - 13 Kc- 
iluLLitiu in ri.sk fnr nursing Iiuttih plHramnnt ik 



!!*M<nnb«n of (ha DcuwpoiuJ ''401'' Study Craiip sun lie tod in the Appcnclix oa psgQ (J5fi. 

'^om lVpunm<»nt of Clinic) N^xovcicrcc* (Or. Su)V>way), £>xown Vnjvcrwty, Providanco, RI; Silboiwlaitt [ttallluxa far A&ug sird OwnuMia tOrc Vzrno 
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Sp&flted with loogKr'tarm ilniiHiiH'/.il iikh (h!. IrhJ^I. 9 
^.Jl^ Bionthfl of treatment). 1920 In a etudy of pauontc 
jviLh HHrly-su^H AD, donuyBzil-Lrisaltitl |j<iLi«iitt« 
m*&n Mini-Mental State Examination [JV1MSK], 
± 1.7) sUowud iuipruveiueul lu eugm'Live otaLua 
^:5*ompared with placebo- treated patients (mean 
fMMBE, 24.3 ± 1.8)." Additional data from clinical 
h Studies with physo3tigmiiie uu and donepeziP htive 
£pfrown tsnhancemont of memoiy m nondomontodj in- 
* £<Hviduak, isu^pcstin^ that benefrws may be posfjjble 
f'evenin individuals with r.rm Trrildfwr, syrnptniriH nf|AD 
lorMOl. | 
| v * • Dased on the demonstrated treatment benefits of 
wtfojwpeiil in mild to moderately severe AD, Ithe 
2& r P>resent studv was conducted to further evaluate 'the 
'tefficacy and SflfV.ry nf rlnrmpfczil nn m^mMve un]i[*ir- 
./finontin paticnw with an amnGf.tic form of MCI. <j)no 
Ajfllie Kuala of tfut> study wwjs to dylumijuu uyjuupri- 
atudy end points to evaluate ofHeaey in thi9 ;pa- 
M-tfent population, Uecausc there i$ no established 
^•'nifithndnlo^y to study MCI, the approach established 
%fcin AD rcocorch wqd adopted. Both global and co£ni 
^Hlfctive measuies weie selected based on their potential 
>«forisi fixity to drug treatment efteeta in patients xfith 
Sj^CI, In addition, a battery of neuropsychologic niea- 
j;\v9Tjrwji whk used m kvm1iihI.h wnbjwlK wi(.h MCTJ nn 
(poets of attention and psychomotor epood. 

•jttethod*. Patient population^ Men and women wiuh MCIj bu k 
['tween 33 und 90 yuan* of u«o, generally healthy and living iude- 
yTJwnd<auily, and capohk of wxiiplying *ith icfciin^pioccdtiici f tie 

^?ToUcd. All patients had a documented raumcuy complaint rcjprc- 
'ioep.frinfl' 0 change from previauo functioning with MMSE 24 nojrcq 
^ajU- Jn addition, thn ~obnl Clinical Domantia Rating (CDR^ 
^jjcoja was roquirod tD bo 0.5 With momory box scorou of 0.5 or 1, no 
j^.xn/vm than nrn hnv twerr** n hh r.r t.hnn mp.mnTy rated h*-- hi^h I, 

'iand no. box score rated crcatcr thun 1. ABLa wcro required tb be 
"^aorfnal or only slightly Impaired as defined by a bummed ticorc 
ou die LJuetj functional CDIt domains (home and hobble*, 
KVcbmmxmity affairs, and personal care), Patients could not have 
'Compressive ayniplonis and had a I7-itcm Hamilton Katine; ^calo 

. vjl^er Maranry Scale-ReviFed fWMS-RV 7 were ronuired to be bfelow 
: >^X^^ede WiTUin ed ediacwlonal level cut-off acorca: Si8 for £1G ybara 

^y^argt qf education. A modified. Hackinnki Ltcbcmia. Scale ' A a'cure 
Wl^froD roquirod to bo *£i. 

, ?6jftatoponta witK a oiajinOcuJ of probdblo Or pOcSeiblo AD yQrC 
jJ^aAlrudod. Drag or alcohol ab'dittt ar dcpcndcjict vithin tho prcvi- 
3.fww-5 yo*lrg wgfl not pnimiLftftd, mh rf^-npri hy ml*ri/i nft.hft ^iin/j- 
■ ^fUMfir cnti Statistical Manual of Mental Disordc.ru, Fourth Edition 
^•IjFferf revision (DSM-1V-TR).*' Enrollmant wasi not pBrmitted for 
^«'Uj*t«iuLb Yvitli puuily cOxiUullud diabulva ul wtliLi inudlcol cdiidi- 
'Xtiona judged to ht incompatible wivh acudy parcicipauon, Prcvjtoua 
.^^^catmcat with doncpccil or other ChEIo (eg., rrv-aatiginiuc! to- 
^vafiM, raotrifondto, gfll«vt**wxo, pbyuo/jtigmi^o) was jnot 
K'-vi'PprmUted : 

u The atudy wan canducted over a 22-monch period from March 
*ift&&-tz) Dacomber 2000 and waa can'iod out in compliance With 
"fitpc , Declaration of llcl.unKi jnd im aincndnicnLS, WiiUctJ iii- 
^Oiro.od owiuoivt wag obtained from poclcntu and tKcir legal fC(pvc 
pboniatavcu and inforaianta. ; 
i^u''' Study dssifin. Thiu 'li-^'oak. niuihcantor, randomi^od, 
.^WiftiihlA-hlinri, plfli^i'hn-rfint.rnlUu'!, parflllRl-n-nniip sratHy CO"- 
; i»;4ucted at 22 atudy cantors in the United 'States. Patienu yverR 
ffci'Taitdomized In a 1:1 rado to receive either dcmepezll or piadebo, 
i', J a.'th'uii-u sterol orally cf.ch ftvejvlrt^ ju?>L priiyir \n bed^u^- rat<!;at,1 
^ro^ocivod doncpoail t> nifj daily for i f A daya, followed by ID 4*"^ 
•.•for the rtmiundor of tno etudy. Follo^-int' tho fortod dot;o cucialu 

,<&--MSUMIj0GY«$ Autfukt <2 2> 20W 



Uon. padeulii ujiable 10 lolexaU; 10 my ^i^jut^il were dibcunliu- 
ucd Ovui Uw atudy, Eftfcnoy aud tfjtfcly w«tb aaaesbud at 
scitcnin^, baseline, aud at G-wcek mUiivala Uwutwiler UuvukIi 
week (final atudy vislfc), or an wrly tcrrninacion visit, During 
tho owly, floadWU^ of dooing in the morning or at bedtime was 
allowed, 

Outooma mouitM;, Primary oXEcaey moocuroa. The primary 
OihCaOy meaflurc lOr CojffuHvS runctian wa3 tha ehangO Jfrom base- 
imp. r/> rrtrt point nn tho. Nrsw Yhrk i:™vnrtfry (NYU) Foragranh 
Test Doluycd Recall. 0 Different versionR o: the NY tt Paragraph 
Test Delayed TUxall tost were used In each test perind whfln ro- 
tcstine* (he &<ibjccls. Tlvc difltxtiul veiaiuut- w^tx LuseO iu tt «lw 
da/d order in both placebo and donopuzU groups to eliminate 
memory end order effceto, 

'l'ho primary efficacy moaFuro for global funotion woo tho 
change from baseline to end point on iho AD Cooperative Study's 
Clinical Glnhal impfes/oon or c'lhanfifp (aim;.s a.ut.:) jiwrriimept w 
Thrs CftfC-MCl, Mnj>ptr«1 frnm thn AfiCS CCilO, ifl a clnucal global 
Imprcffiian of change hcsIo ftr ujw with patients with MOT ha.v\d nn 
wiuujtruulured lnt«rYu;wa Ijvjji both Ihe subject and an informant 
TJw OOIC ratiiAK i» inside en a 7«poiut Liken- Lypc ucale, where the 
clhucidn's impresAou of change uom baaclliiu i* mini tm uizuked 
improvement (1) to no change (4) to marked yroracrnn^ (7). 

Secondary effioacy mooiurec:. Sooondnry mca^urcq of cogni 
tivo funotion inoludod a modified 12 item AD Aoocooment Scale 
OO^rativu ftubfealo (AL>AS-cog) t ai tha WMS-K Digit Span 
Rftr.lcwArds rnnr.," rh« .Symhn! rrtfpt. ModeUties M3t, J " and the NYU 
Paragraph Teat Immediate RBcalL u Other afirondary mfiaaurea nf 
tho nuuropHYcholotn'u tost battery included ibe modified Boston 
NnuuluK Taak,* 1 Ujm Vu«jum3 Flue<ie.v viwt. -0 Uie Mnac icst,* 1 and die 
Number Cancellation teat/ 1 Modifilcfltioui to the oiijriiiid ADAS- 
cog tcvt included vhc u&c of 12 «vvida iu Uia Wmd RVi^U L«aL 
rather than 10, the addition of Delayed Word Retail, tJsc reduction 

in rubor of txullr of tho Word Recognition Tn^k from 3 to 1, ftud 
the udditiun of u Concontratian/DiatraetjbiHty itom.' 1 ' 

In f.hn Monrmrijirj' TrmfiHiirn o*' ^lob^l function, patients were 
asked to rate t.V\*nr own perception ol change in memory tinco 
onaet of treatment lifting t.h<» )*nTi*m Olohnl As^AKvrnMnt. (PfrA) 
The PGA Is a 7-puint likcrt-typG acalu in which flcorR? range fram 
very much improved (l) to no chance (4) tn very much worse (7). 

3afely jmiaiuiua. Tliw aafuty a m i lylutabilit.Y of llVUlmeuU 
iroro awaosaod by monifeormp aoVcrffC e^•enw l vital ffigUfl, ph,yBiCal 
exanunabion findir.^r, EKG ahnonrioliueoi and evaluation of clin- 
ical laboratory meauurcn. 

Data enalyfix. A Ramplo eiza of 110 pati«nxe por urefttmont 
pprmijy war prt3tpptjv1 hpned detection of diftbrenccc between 
placebo and drug treatment on primary efriracy vnnanlis (.0.4 nn 
the CQ1C-MGI and 1.0 on thn NYU Paracriph DnlfljYvd HrxaU) 
yyilli 80?b i»oww at ci 0.0C» ^iu^iricjuice levcL Sample size was 
mcr eased by CO'Xp to 1H0 per j^roup w c result of A greater than 
expected premature dUcnntinuAtton r^tc, 

Analyneo of offioaoy were performed on the intcnt-to-&cat 
(UT) population tiding tho last observation oorriod fotward 
(UX-F) method for nnssing data pointfi. The ITT population in- 
clurtftd all paoenrR randnmw^d rn Lmntmnnt. whn rca^nv^ri at »w>«*t. 
nun dnpft nf sr.urty mwHearfnn, had a Ivuclinn nvahiatjon, nnrt tit 
leuit one evuiuauon fur the pnmary efficacy meaauTB. The ITT- 
LOCF population included all aubiecta who received at leaflt one 
dueu uf iimdimUuu and had nl UsauiL uuc pivUeatlUfJlL ^valuation 
and one evaluation after the ntart of treatment. ElTicacy of done* 
peril treatment in the ITT LOCF population waa considered to be 
tho primary mitconio measura. 

J£ttieRcy of donopo^iJ troAtmom was also aualysod in tho rrr- 
Oh;pirvnrt llflarw iCvT,) snH thn fn)ly o^'RUiab^O (tiflll) population. Iho 
ITT-OC populaticn included all RuhjectR who rrrfwcxi at \f\axr on* 
dose of mecUcation, had a bsaeuue evaluation, and had & double- 

blLtd UuatiuenL evaluaLiyii aL wuek 24 Lrreopcciivu of eumplioncc 
and protocol violarioaa. The FE popv lotion consisted of all pa* 
tlonts who complotod 24 weeko of treatment, with :sS0ft compli- 
anco at tho week 24 vieit and at two other clinic viaito, and no 
iigruficoiit protocol vjohihans. Bocauso thHn otudy oIbo aimed to 
nsr.nhifKh m^rhodnlngfy tn atitriy MP.T, nnp",y«e5 of treatment effect 
in the OC and FE population were cnuductivi tn fnrthftr ovnluotA 
the sensitivity of the selected cocnlclve and ftmcEfnn.it mnasums tn 
dojXCpc»jl tiOuWuunt hi uuUuiiCt with MCL Jif- uddiUvu* evoiuaUon 
of tho F£ population wan nnc.d to noico/J treatment effect in the 
patiant papulation that host oompUed with the treatment protOOOL 
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' ;.AiMiljrtBa yf ^ttfety were i^rj'uraietf usiiur the tafetv population. 
"ixicK included aJJ «ubjocfc$ who were randomized And tool tit 
JjjjWgt- one douo of utudy taodlontum. i 
\~ * (JozitizniOUS variables »>ere tuJisri^iad unng analysis of variance 
•AN'OVA) awdel.?. Statistical una ly too at oftlc^cy rp&aevres wore 
fikfinauftrl oil r.ho. enangft from hfixnliim nmron nr. wwVs f>. Vj\ 1W, 
(OC) and at end point (LOGF). The Overall treatment nffocr, 
|wX* abased by Uie analysis uf>iii£ Lype 111 bums of squares t^r- 
formed at the 5% level to detciaiiiiu buiuiCc^uvy. Ordinal *|flri- 
Sbjoft were anoivj&cd uuin^ the Cochr«m-ManteL-H.iciif»j;cl jr 2 kcck 
3 cores. Treatment difFcTcace<i in the incidence 
atoa for advorao events wore touted uuin£ FirJicra enact ijcat. 
Egtitintirjil tests wore rwo.toilod, and a vtduu of 0.05 or bolow u,-*e 
J&ccBpted as an indicator or" sigrtinr.sini*. | 

fe. DsntiogTaphiv characteristics. A total of 
Id aubjecta wene randomized, of which 133 received 
lunepezil and 137 rflreivpn" plarfihn (fl^nnp T) .Svbjecty in 
^$o(h the donopoiil and placobo groups received atudy mjod 
^^hation for 0 median of 168 days. Ninety patiento from jbhe 
;$^uepe&n sruup (67.7%) mid 114 patients from the placebo 
blip (83.2%) nnmplp.r/sd i:hn. sr.tiriy TliticootiXiuations w&ro 
in, tho two fltudy groups between baseline and week 
g&'lgui dbcontinuatlonf. increased ul the duuepezil Kruup 
s+ajjUuwing- d«SR «HCfllntion ,ift.nr wop.V fi 
gfj 'Subject characteristics at bftBOline are eumiuamodj in 
ab]e 1. Subjects randomized to the dooepezdl and place bo 
iups were shrub* with respect to age. sciu mix, HthinH- 
a, and rwRPli.n^ n^nrnpcyrhnlogfic ^nd Cognitive t'est 
iroc (o.p., CPK) MMSE, WMS-R, modified ADAS-ijog, 
NYU roragraph Delayed Kecall;. Tlits 
5^ifflEA?(l-D \vt*rp low (i2j In hntb rPAATm«9nt groujps. 
h.jC»onepeail' treated pationU had elifititly more abnormal 
^apKycioal 0?<orhination finding^ at screening but were ciJni' 
^ith rcaptsct to other coma>ou inedital lAiinoi-bidideii. 
^JJse of concomilAnt mHrticHtinns was rnpnrr^ii in ri<?ftrly!all 
^TftoVeirta of donepezil ^roup and 96,4% of placebo 

- 7>mjkw y Kfjiwiuy ffvunsufv<s t On Uie NYU Dfc»Jfiyeri Pa)-a- 
E«ca)l t«flt, no slgrnlflnnnf. rrantmAnt efTectja wore 
erved in tho ITT-LOC.F (table '2) and i'iT-OC analy^ca. 
meaEurec of globtd Wotion, tlic lca3t squared mcjan 
C^IC-MCI tKuixx wciii better for donepezll-creatGd tr^an 
* Lcebo-TTfiated SuhjfttTA fit end pnint, but the differences 
not fli^nuicant in tho ITT or FE populations. In (be 
OC population, 32,6% of donepczdl-treated iiubjeuuj 
ingwed minimi Oi ujuderuLe LmpruvemenU eompHrfiri with 



TabU J Swimar) of bnacllnc demographic characteristic and 
neuropsychologic tctf flCO/ ea foi tlie yo/^y wutUution 



Choraotoriotio 



Oonepeeil. 
n - 103 



Mean ago, y ± yii 

Female pafaontu, 
n(%) 

Eriucatlmi, 
tTIMO + HI) 

TfiRt Rrorf K, 

moan + Nil 
Ii/\M-D 

NYU FaJiiifruiJh 
Delayed BecaJl 

(tf$ maj(» 

Span Dackwaras 

Syaibul Di^it 
Modulitlos (no. 
onrrp.rf) 



72.1 ± 6.0 {65 SO) 
56(42.1) 
127 (yt>\¥) 

V7 5 t V..2 
3.0 X 3.0 

20.0 r 6.2 
0,7=2,2 
33.8 = 11.0 



n«cebo, 
a - 137 

73.7 * 8,0 (66-89) 

63 (42.8) 

127 (93.7) 
15.0 x 2,8 

'27.4 ± 2.0 

A i t ft 0 

19.5 - fi.JJ 

r.o z 2.1 
a.ii z ii.6 



MMSE = Mhii-MentaL State Examination: HAM-D « Hnmilton 
Ratine Scale fbr Impression; NYU = New York TTmvrrmiy; 
ADAiS-cog w AlRhmmrtr ni^wijw A^wssxnont b'ejilo-cognitiYo cvb- 
Rcalo,* Wiv(?vR. = WArthflior Memory Seale-iteiitfld. 



24.,H% of plieRhn-Tr^rpfl 9ubjeets: 51.7% of donepezil- 
treated and bU,4%* of placebo -treated Oubjcot3 showed no 
change, The ec proportions irerc similar «i> the FE 
population. 

Sfimnrtary pffiivt/y m4(inure3. DonepaziJ treatment waa 
flR^oejat^d with greater improvement on the mean, change 
from baseline r/a the modiJiwl ADAS-cyjr total score com- 
pared with placebo In all populations (TTT-T.OO'F, m'-<X^, 
and FE) (figure 'JA. see tablo li). In the Cnd point analysis, 
improvements on the ADA6-cok of 7 points or greater were 
seert in 22.3% uf donep^il-Lr«ati*il Riihjwrs awl to 12 t<fy of 
plar.f»hn»tr**Ti>d fiihj^-ts. Improvements oi $ points or 
greater compared with baaclinc were accn in 50.0% of 
doncpezil-treatad ftubjetlo and in Sl.TO of placebo-treated 
bufajecto (figure 2B). A slgnifiount impTovftmpnt. was seen, 
in tho donepezil-treated group in the NYU Paragraph De- 
layed RceaU teat at week 24 in the FE population. Greater 
improveroeute weie alau ubsiirviid on the WM^B. rHgtt. 
fipan Backwards to^r. and Symbol Digit ModfthtiOfi te3t for 
subjeetfi roeo^ng donepezil compared with placebo in the 
FE group (acc coble 2 and fibres E-1A and E-lB, available 
on Lbe Neurotomy "Web site: go ro W'ww.nftirmlngy nrg) No 
flfrniflcflnt dsfferencea wcro observed on tho JJoeton Now 
iafl task, Verbal Fluency toat, Masc tcoi, and Number Can- 
cellation toot in any of the otudy population There was uu 
difference io the paLieuda' s-Blf-niting of t.hftlr metoor^ On 
The. VGA m the VT^-LUCF population. The moan PGA 
seojros at- week 24 sifmifioantly favored donepejyil in the OC 
and FE group*. 

Safely. The ^continuation rata diifi tn nrlvors^ events 
wa« 5.0% in tho placobo group and 22.0% in the donepezil 
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2 Charifz* 1,1 primary and sacotidaiy oiUcootm ufUi & wtxk<t 



fc-cHeuwc from baseline . 



ITT-LOCF, 
a - 130 



{.Primary efficacy nwDPU*** 

-NYU P^mgraph Te«t 0.8 ± OS 

rj{ ,' ' JJaUyad K*call 

I jSWYWllA ry f» ffi cy p 

;MMN.K IhfjihSpnn 
s " Badcwjurd* 

t '(Symbol Dipt Moctontic* 
s <no. correct) 

l^,^ 0.05 and to s o.Ol vs plaodbt). 



ITT-< 

jj - e 



1.1 x 0,4 



FE, 
n = 83 



itt-locf. 

n « 132 



rrr-oc, 

n = i |(t 



n = iuo 



0.0 ± 0.4* 



0.0 * 0.2 



0.6 s 0.2 



0.0 1 0.8 



-3.1 r. o.st 


-3.9 r 


-9.2 * 0.5f 


-1.2 = 0.5 


1.0 = 0.4 


— L0 - O.fi 


0.B + 0.3 


1.2 = 0.3" 

i 


LI * 0.3* 


0.3 ± 0,2 


0.2 ± 0.2 


o.o = o.a 


0 6*0.2 


0.6 ± {)j2 


0.0 = 0,2* 


0.1 ±0.2 


0.0 ± 0.2 


-0.1 = 0.2 


4.4 ± 0.7 


i 


<L0 i 0.0* 


2,7 £0.6 


£.4 = 0,0 


2.3 jl 0.7 



;HT - intwvt-to-trofti population; LOCF - laofc obocrvaaon carried forward; OC - observed case* aualy*!* FE = folly evahianle copu- 
|lotion; NYU - Ntw Yurk University; ADAG-cog - AklieWi jDUewse Awe*Mncnt Scale 13-itam costive SUbaCale; WMK-R ^ War hair* 



I 

feivuM, with must dULyntiouationa occurring after ithe 
jfetpfid rtriRR ea relation from S to JU rag. Overall, lad. 
i evontc ooourrod in S7.0& of paticnta in the donepjezil 
Up and 70.0% of patients in the plaeebo unmy. tins 
! pioal»i;uuiiiiun advurse evtmtH, THjvirtftri by fl% nf rinnepfitfl- 
forested Subjects and at a minitnutfi of* twice the rati of 
IpUoebo, arc Hetod in tabic 8. Study modi cation- rented 
dvterse evsuts feirfuiifciuUy more common in donepe2il- 
;eatad Rnhjp.rtr.fl than plflrphn-trgpted Subjects indudodJdi- 
•hea, abnorrnjU dreams, naueea, log arajnpr), and 
litrng. Most adverse eveota were transient and qiuy 
piild Oi* moderate iu aovuiiLy. Five patiRnta in rhn Honejpe- 
S SnT^mnp pnd patients in tho placebo group esporionpod 
l$^w DU5 Q( ^ ver ^ e *veaL&; Only one serious adverse evjeul 
^atrial fibrillation) was Luiisiilertid possibly related to atmdy 
indication No notable changes wgre reported from ba^e- 
to end point in labor utory cjEaminatioa, BKG, phyisical 
amination, or vital signs finding. i 



p=nnnfi 



on. The identified patient population jfor 
»lu4.v was uhuractBrizcd as having an flrnnfisffir 
^jnm of MCI. 1 ** The pationtE had memory deficits, 
s^hkh diatin^uish thexn from normal ugiuu tululua, 
A] rlirl nnt rlfsplpy significant deprtifisiv© sympiois, 
ausr- indieatod by low HAM D acoreg. Functional in- 
^Srnwnts characteriBtic uf Harly ATI 1 - 8 wptr neatly 
feent, as indicated by the low scored on tho CL(R 
LDL doinaina. 

f |Oxi the j-rimary outcomfl mflflfturftf- of cognitijon 
Td' clinician-rated global criangc, Qignixicant ikn- 
pvementa vtrt not observed in the donepezil ^ru'up 
^i|alijipM.rH(l with rhp. placebo group in the ITT popula- 
teoiifl. On the primary cognitive outcomo, the N^U 
STaragraph Delayed Recall test, thei 

drt3g-pl5»r.ebo difference in the 1TJ,' population, 
'he' 'NYU Paragraph Delayed Recall test is useful! in 
;eeuin£ vatiento who arc at increased risk far tjfi* 
losing dementia or At). 9 TJus ie a difficult toit, 
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Chfiftfi from Em* (no 



5^u>-« ^. Moan (±&E) Glwngc from, baseline in. modi' 
fU'd AD AaocoemcrU Sk*l$- cognitive &ulwvh fADAS-vvt) 
total test score* foi tfw Uufitpuzil' and plaathn-rrfirtled />a- 
tfentti tn thr. intpnt-tfatrpftt last observation Carried for- 
ward WIY-LOCF) and fully evaluMz (FE) population 
Filled b<%rt - dontpezil; open Outs - plucebo. fa) Cnrrud/n. 
ftve jwvmluxu of patient* with spefiifiMt changes from 
baseline tn the mean changa fr&n basolina in ADAS cog 
wore in donapeiil- and placobo-ircaicd patient*. ■ - 
doncpc&il; ▲ - p/a«oc>. 



a^la HAdvarxa qvQyiis occurring in Jfcfift ofpaiignt* ran^ivi^ 
otopccil and at a mwtinwr, of twice tfu: tote of placebo, n ?fa 



flon/>pezil, 
n - 132 



iptg cramps 

fc ftbiiormal drcauifl 

IrV • • 

'Xl/oprt)iJZ]ioi> 



U6 ra?.3r> 

36 f27)* 
20115)* 

12(9)* 
80 (23)* 

JL4 (11> 



>«!» 



mocra.n) 

9(7) 
0 

j(i> 



I 



:.eyen for normal individuals, with points g^ven cjnly 
tfar ve.rhatim rpr.all of phrase* Recause therapeutic 
$jjnterventioDX for MCI ohould be directed at those 
" ^individuals who arc? at the highest risk for rie.vp.inp- 
cirig AL>, this discriminating measure appears uscjful, 
.^iloWever, possible floor effects due Lo the ivlcilivy 
ffliflflfciilfy of the tPAt appear to limit iiReftiWss|for 
^detecting treatment effects within the AjlCI 
^ppopulation. < 
S,: Th e CGIC-MCI was chosen as the primary efficjacy 
^temo&flurc of global function booed on ita validity jind 
^reliability in this population.^* 1 The ADC3 CGIC- 
5|MCI scores were better for donepezil-treatod tf an 
^jdacebo-trcatcd patients but the differences were jnot 
^jfo'guifiiiHiiL Rhi.hukh I,Iir flftRning fnativre of amnestic 
$MCi ia an isolated memory complaint, the aboencp of 
J/lMteuficant effect on the CGIC-MCI ia most likely 
$$iU0 to minimal global impairment at baseline and 
^(limited decline in global function during: a 6-month 
^interval. However, this tool may have: nr.lliT.3H in 
^jjanger-term studios because additional clinical eymp- 
•^bpiaw fix., function, behavior, mood diatiubanifi;^ 
x £may emcTga in MCT snhjfiftts war lnngp.r nbsprvatjion 
jponods. Although cliniciana were not able to detect a 
^ agnincantlv greatei global regpuusu tu dunepfczil 

E 1 ~ aanent, the subjects themselves were able to jde- 
t treatment cftecte. In analyses of subjects c6m- 
Y ^, STS ling 24 wKHks c jf irHHl.fTiHnl. (both the OC and |FE 

^^^opulataons), those treated with donepczil Gubjce- 
rr^trvely reported greater iniprovemeut in iuKiij|iry 
■yWfonction than those given placebo- The majority of 
S&^onepeail treated oubjects reported feeling sharper 
l^fm&ntally, more organized, and uiuru uunlluVnU of 



IMtheir memory. 



. .Evidence of the cognitive benefits of donepe&il ^aa 
£t5)l^wryed iu imlienl performance on several second - 
«?$gry» measures of cognitive function. Significant treat- 
ment effects wore observed in the NYU rarajn;a ! ph 
pft^Jfet^ud Recall teat in the FE population. Sljjriiflrflnr. 
^improvements were observed xn bath the A'lT and jKE 
Ppopulauone on the modified version of tlie ADA3-co£ 
$fa the duuepe&il group. In addition, significant im- 
provements favoring done-puTil were observed in the 



PB population on the Dieit Span Backwards and 
Symbol Digit Modalities tests. However, the results 
of occondnry analyses should be interpreted with 
caiuLiun given the number of secondary mp.afiure.fl em- 
ployed. In addition, higher dropout rates in the done- 
pezil group may have influenced outcomes iu Liu? FE 
papulation. Donfipezil was safe and reasonably wen 
tolerated in thia study population. 

Although the Irvaliuenl effects on the primary end 
points were not significant, the rccuito in accondnry 
measures suggest directions for fmliiwr study in Lhib 
patient population. With no established methodology 
available, one aim of thia study was to establish cog- 
nitive and functional lutirusurHs s^nHitivp. to effects of 
donepezii treatment in patients with MCI. In eotoct 
ine; the prinior>- and secondary outcome measures, 
LIib ADAS-coy whm {ihiwRn pjr a «?PCondary measure 
beeause it was beheved to lack ccnGitivity to detect 
treatment differences in MCI subjects. Huwisvur, lliu 
Ptnrty results suggest that the modified ADAS-cog 
total Gcorc io sufficiently sensitive to be useful in 
fitudios of MCT pfltienw. A number of reports have 
found that, relative tq normal elderly, patients with 
MCI have lucaSiLn-tfbU* coyniUve deficits that extend 
hfcynnd the memory domain. For example, MCU pa- 
tients have measurable deficits in language, ori- 
eutaliun, 7 and psyuhuuio lor/motor functiorL OM0 Since 
test batteries such as the ADAS-cog tap mto multiple 
domains of neuropsychologic functioning, it should 
nut be Hui'jiriMiig \hni, this instrument maybe partic- 
ularly sensitive to a diffupo pattern of cognitive re- 
sponse likely to occur in treatment mLuiUhn nT 
pstients with MCI. As $uch, consideration of it$ use 
ac a primary efficacy variable in future studies of 
MCI ajupesara WHrraritRd. 

Several additional fincondary efficacy meaaure3 
were employed to evaluate other aspecla uf cugjiiLivc> 
nmciinn thmight to be impaired in MCJi. JJonepezil- 
related beuofite in 1^ic Digit Span Backwards and 
Symbol DisiL Mudaliu'es teats likely reflect imprave- 
ment io attention, concentration, and psychomotor 
speed. It should be noted that subjects in both 
tiruupB demonstrated Rome improvement on many 
cognitive teste, suggesting a preserved capacity to 
Ic&m information, which, lu uur knuwledge, has not 
been previously reported. Subjects aleo had a high 
level of education (mean 14.9 years) and praclivc 
HffHd.K tnHy ha vi? influenced performance. It should 
be noted that the cubjecto in thia etuory had predom- 
inantly amnestic MCI with a high IkvhI of wh nation 
MTirl a Inw level of depression, and lacked a medical 
hi story or current comorbiditica that might account 
for their cognitive decline. It rumaiiiH l/i hp. KHP.n 
whether thp. pexformanee and treatment re&ponee of 
this group ie cinular to a more heterogenous MCI 
cohort* 

A higher proportion of patients in the donepejsil 
group reported adverse events compared with lira 
plauebu uroup. Overall, the dnnp.pe.'/il. placebo differ- 
ence in the adverse event diecontiuuation rate was 
comcwhat higher than in trials of similar desiga in 
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fffi^dnxc with AD. Although moat adverse events 
£wfere mild or moderate in sovarity, incrp.aRp.d fl iidy 
Jiwithdrawais due to adverse events closely followed 
_ J'the forced dose escalation. As this studv did nut al- 

t\1hw mdit<t,inn in rinvtw, all subjects nrx^bte to tolerate 
\ihc 10 nig doac were dropped from the study. Per- 
3%#sha.p6 patieuU earliei iu Lby disweitie courts have 
Kf^liigher baseline lovols of acetylcholine in the CNS 
p,Vthan patients with mild to moderate AD and ihey 

|w;Of adveree eventti. Consideration should bo givon to 
Kjs allow more flexible dosing and to relaxing resfcae- 
l&f '..tonus on dose adjustments co improve tolerabilifjy in 
mfi ifutur'o MCI trials . 

l$fr! J The findings from tins study have implied imK for 
^frtfte design of future efficacy mats for MCI as they 
SfeBfl* 0 *^ 0 ^portent iofii&hts into outcome measures, 
^B^imple and effect sizes., dosing, anri atnrly Hur^on 
ffoV-P 1 : dftiJigrung this study, investigators expected that 
|^;there would be a declLiu hi uuBuHive function of liie 
CSJ^jlwwhrt group over the- 24-week observation period 
Seen in patients with mild to moderate AID 15 - 14 
IgSp&nd predicted if MCI is prodromal AD). The Tflfjlr of 
i j|*decline in placebo-treated subjeoto over 6 months in- u 
'v^dicates that loss of cognitive nmctiou occurs inury 
"(dnwly in MOT subjects. Thus, efficacy trials of ChEIs 
V^taay require tnoic of longer duration to adequately 
ft-Mt for symptomatic treatment effects. Finally,! Uih 
^-■finding that pattents with MCI show improvement 
'^i;fdh come cognitive tcote jn&y have implications 1 for 
f^developin£ cognitive i-elialrilibiLiwi nIxhI^ihh fnrlpa- 
rftents with MCI. ! 
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ALZHEIMER DISEASE (AD) IS A 
neurodegenerative disorder 
characterized by cognitive de- 
cline, impaired performance 
of activities of daily living, and behav- 
ioral and psychiatric signs and symp- 
toms. Pathological features of AD in- 
clude iutraneuronal neurofibrillary 
tangles containing abnormally phos- 
phorylated cau protein, extracellular 
amyloid plaques containing the pep- 
tide 3 amyloid, neuronal cell death, and 
anatomic as well as functional impair- 
ment of neurotransmitter systems. 1 -* 
Alzheimer disease affects approxi- 
mately 4.5 million people in the United 
States. 3 Treatments approved by the 
Food and Drug Administration were 
previously limited to monotherapy with 
cholinesterase inhibitors in patients 
with mild to moderate AD. 2 In Octo- 
ber 2003, the Food and Drug Admin- 
istration approved memantine for the 
treatment of moderate to severe AD; 
memantine is now available in more 
than 40 countries worldwide. 

Memantine, a low- to moderate- 
affinity, uncompetitive N-methyl-D- 
'••aspartate (NMDA) receptor 'an tago-™ 



Context Memantine is a low- to moderate-affinity, uncompetitive A/«methyi«D- 
aspartate receptor antagonist. Controlled trials have demonstrated the safety and ef- 
ficacy of memantine monotherapy for patients with moderate to severe Alzheimer dis- 
ease (AD) but no controlled trials of memantine in patients receiving a cholinesterase 
inhibitor have been performed. 

Objective To compare the efficacy.and safety of memantine vs placebo in patients 
with moderate to severe AD already receiving stable treatment with donepezil. 

Design, Setting, and Participants A randomized, double-blind, placebo- 
controlled clinical trial of 404 patients with moderate to severe AD-and Mini-Mental 
State Examination scores of 5 to 14, who received stable doses of donepezil, con- 
ducted at 37 US sites between June 1 1 , 2001 , and' June 3, 2002. A total of 322 pa- 
tients (80%) completed the trial. 

Interventions Participants were randomized to receive memantine (starting dose 5 
mg/d, increased to 20 mg/d, n=203) or placebo (n=201) for 24 weeks. 

Main Outcome Measures Change from baseline on the Severe Impairment Bat- 
tery (SIB), a measure of cognition, and on a modified 19-item AD Cooperative Study- 
Activities of Daily Living inventory (ADCS-ADL 13 ). Secondary outcomes included a Cli- 
nician's Interview-Based Impression of Change Plus Caregiver input (CIBIC-Plus), the 
Neuropsychiatric Inventory, and the Behavioral Raring Scale for Geriatric Patients (BGP 
Care Dependency Subscale). 

Results The change in total mean (SE) scores favored memantine vs placebo treat- 
ment for SIB (possible score range, 0-100), 0.9 (0.67) vs -23 (0.69), respectively 
(P<.001); ADCS"ADL, 9 (possible score range, 0-54), -2.0 (0.50) vs-3.4 (0.51), re- 
spectively (^=.03); and the CIBIC-Plus (possible score range, 1-7), 4.41 (0.074) vs 
4.66 (0.075), respectively (?=.03). All other secondary measures showed significant 
benefits of memantine treatment Treatment discontinuations because of adverse events 
for memantine vs placebo were 15 (7.4%) vs 25 (12.4%), respectively. 
Conclusions in patients with moderate to severe AD receiving stable doses of done- 
pezil, memantine resulted in significantly better outcomes than placebo on measures 
of cognition, activities of daily living, global outcome, and behavior and was well tol- 
erated. These results, together with previous studies, suggest that memantine repre- 
sents a new approach for the treatment of patients with moderate to severe AD 

JAMA10Q4;291;317<324 Www.jama.cQm 

nist, represents the first member ofanew 
class of medications showing clinical 
benefit and good talerability in AD. Al^ 
though other NMDA receptor modula- 
tors (eg, milacemide and D-cycIoser- 
ine) have failed in development as 
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potential AD therapeutic agents,*- 5 
memantine has exhibited efficacy and 
safety In a recent placebo-controUed trial 
in outpatients with moderate to severe 
AD and in an earlier study in nursing 
home patients with dementia. 6,7 An 
open-label study suggested that the com- 
bination of memantine and various 
cholines terase inhibitors was well tol- 
erated. 8 We hypothesized that admin- 
istration of memantine to patients with 
moderate to severe AD receiving stable 
donepezil therapy would result in clini- 
cal benefit and would be safe and well 
tolerated. 

METHODS 
Participants 

The trial was conducted from June 11, 
2001, through June 3, 2002. Partici- 
pants were recruited from 37 US sites; 
404 patients who had a diagnosis of 
probable AD, according to the Na- 
tional Institute of Neurological and 
Communicative Disorders and Stroke- 
Alzheimer Disease and Related Disor- 
ders .Association criteria, were en- 
rolled. Inclusion criteria were as follows: 
Mini-Mental State Examination (MMSE) 
score of 5 to 14 at both screening and 
baseline; minimum age of 50 years; a re- 
cent magnetic resonance imaging or 
computed tomographic scan (within 1 2 
months) consistent with a diagnosis of 
probable AD; ongoing cholinesterase in- 
hibitor therapy with donepezil for more 
than 6 months before entrance into the 
trial and at a stable dose (5-10 mg^d) for 
at least 3 months; a knowledgeable and 
reliable caregiver to accompany the pa- 
tient to research visits and oversee the 
administration of the investigational 
agent during the trial; residence in the 
community; ambulatory or ambulatory- 
aided' (ie, walker or cane) ability; and 
stable medical condition. Patients were 
permitted to continue receiving stable 
doses of concomitant medications, in- 
cluding antidepressants, antihyperten- 
sives, anti-inflammatory drugs, atypi- 
cal antipsychotics, antiparkinsonian 
drugs, anticoagulants, laxatives, diuret- 
ics, and sedatives/hypnotics. 

Patients were excluded for clinically 
significant Bn or folate deficiency; ac- 
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tive pulmonary, gastrointestinal, renal, 
hepatic, endocrine, or cardiovascular dis- 
ease; other psychiatric or central ner- 
vous system disorders; computed tomo- 
graphic or magnetic resonance imaging 
evidence of clinically significant central 
nervous system disorders other than 
probable AD; dementia complicated by 
other organic disease; or a modified 
Hachinski Ischemia Score 9 of more than 
4 at screening. Written informed con- 
sent was obtained from the caregiver and 
either the patient (if possible) or a le- 
gally acceptable representative (if differ- 
ent from the caregiver) before the ini- 
tiation of any study-specific procedures. 
The study was reviewed and approved 
by the institutional review board at each 
site. 

Interventions 

This study was a prospective random- 
ized, placebo-controlled, parallel- 
group, fixed-dose trial in which partici- 
pants were assigned to double-blind 
treatment for 24 weeks, with a 1- to 
2-week single-blind placebo lead-in pe- 
riod before randomization solely to as- 
sess compliance. Patients were ran- 
domly allocated to 1 of the 2 treatment 
groups in permuted blocks of 4 in ac- 
cordance with the randomization list 
generated and retained by the Depart- 
ment of Biostatistics at Forest Labora- 
tories. At the baseline visit, each inves- 
tigator sequentially assigned a 
randomization number to each pa- 
tient. No individual patient randomiza- 
tion code was revealed during the trial. 

Patients assigned to double-blind 
memantine treatment were titrated in 
5-mg weekly increments from a start- 
ing dose of 5 mg/d to 20 mg/d (admin- 
istered as two 5-mg tablets twice daily) 
at the beginning of week 4. Masked 
study medication was supplied to each 
study site for dispensation in blister 
packs at each visit. Drug and placebo 
tablets were visually identical and all pa- 
tients received 4 tablets of study medi- 
cation daily (in combinations of 
memantine [5 mg) and matching pla- 
cebo tablets). All patients were to main- 
tain stable donepezil therapy at entry 
dose as prescribed by the patient's phy- 



sician for the duration of the study; ad- 
herence to this protocol was moni- 
tored by routine assessment of 
concomitant medication use. Any 
change in the dosing regimen or dis- 
continuation of donepezil was re- 
corded, and patients were discontin- 
ued from the study if the inclusion 
criterion pf concomitant donepezil 
therapy was no longer met. From week 
3 to the end of week 8 of double-blind 
treatment, transient dosage adjust- 
ments for memantine treatment were 
permitted for patients experiencing 
dose-limiting adverse events. All pa- 
tients receiving memantine were re- 
quired to receive the target dose of 20 
mg/d by the end of week 8. Patients not 
tolerating the target dose by week 8 
were disenroUed. Adherence wj th study 
medication was assessed by returned 
tablets and more than 95% of both treat- 
ment groups had more than 75% com- 
pliance (95% for the placebo- 
treatment group and 96.5% for the 
memanrtne-treatment group). Most pa- 
tients who completed the double- 
blind phase entered the currendy on- 
going open-label extension* 

Outcome Measures 

Cognitive, functional, and global out- 
come measures were obtained at base- 
line and at the end of weeks 4, 8, 12, 18, 
and 24, unless otherwise specified. Pa- 
tients who discontinued prematurely 
were evaluated during the final visit The 
primary efficacy parameters were the 
change from baseline on the Severe Im- 
pairment Battery (SIB) and on a modi- 
fied 19-item AD Cooperative Study- 
Activities of Daily Living Inventory 
(ADCS-ADLjp) at week 24, 

The SIB is a 40-item test developed 
for the evaluation of cognitive dysfunc- 
tion in patients with more severe AD. 
Six primary subscales assess memory, 
orientation, language, attention, visuo- 
spatial ability, and construction. In ad- 
dition, the scale assesses praxis, social 
interaction, and orienting to name. 1011 
Validity, reliability, and sensitivity to 
longitudinal change have been estab- 
lished. 1011 The SIB scores range from 0 
to 100, with higher scores reflecting 
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higher levels of cognitive ability. The 
SIB was assessed at baseline and all sub- 
Sequent visits. 

The ADCS-ADL l9 was the second 
primary efficacy instrument. 12 This 
19-item subset of the original 42-item 
inventory focuses on items appropri- 
ate for the assessment of later stages of 
dementia (ie, the level of indepen- 
dence in performing everyday tasks 
including eating, walking, grooming, 
telephone use, hobbies, complex tasks, 
and communications). The sensitivity 
and reliability of this modification 
have been established. 13 The ADCS- 
ADLig was administered as an inter- 
view to the patient's caregiver and 
focused on the performance of each 
activity of daily living during the pre- 
vious 4 weeks. Possible scores range 
from 0 to 54. Higher scores reflect 
higher levels of functioning. The 
ADCS-ADL19 was assessed at baseline 
and all subsequent visits. 

The secondary outcomes included a 
Clinician's Interview-Based Impres- 
sion of Change Plus Caregiver Input 
(CIBIC-Plus), 14 the Neuropsychiatry 
Inventory (NPI), and the Behavioral 
Rating Scale for Geriatric Patients 
(BGP). The CIBIC-Plus was adminis- 
tered according to the format of the Alz- 
heimer Disease Cooperative Study- 
Clinician's Global Impression of 
Change. The CIBIC-Plus is used to as- 
sess the effect of medication on over- 
all clinical status in patients with de- 
mentia, incorporating caregiver 
observadons as well as patient inter- 
views. Change is rated on a scale from 
1 (marked improvement) to 7 (marked 
worsening). A global assessment of se- 
verity of illness was made at baseline; 
the CIBIC-Plus was assessed at all post- 
baseline visits. 

The NPI was designed to assess the 
frequency and severity of behavioral 
symptoms in patients with dementia, 
based on an interview of the care- 
giver. 13 The 12-item version of the in- 
strument was used with a total score 
ranging from 0 to 144. Higher scores 
reflect greater symp toins* The NPI was 
assessed at baseline, at the end of week 
12, and at the final visit. • ■ - - - 



The BGP consists of 35 items (scored 
0, 1, or 2 by the rater) assessing ob- 
servable aspects of cognition, func- 
tion, and behavior. 16 A higher score re- 
flects worse function. The BGP care 
dependency subscale reflects cogni- 
tive and functional characteristics as- 
sociated with increased need for care. 
The BGP was administered at baseline 
and the final visit, 

The Functional Assessment Staging 
(FAST) was administered as an index 
of staging and not as a secondary out- 
come. 17 The FAST evaluates a pa- 
tient's ability to perform daily and nec- 
essary life activities and is divided into 
7 major stages, from normality (FAST 
stage I) to severe dementia (FAST stage 
7). Stages 6 and 7 are further divided 
into 11 substages (6a to 6e and 7a to 
7f ), each of which is based on specific 
functional deficits. The FAST was ad- 
ministered at baseline and the final visit. 

Concomitant medications and viial 
signs were recorded at every visit; ad- 
verse events were recorded at baseline 
and all subsequent visits; and labora- 
tory tests, electrocardiograms, and physi- 
cal examinations were performed at the 
screening and final visits. 

Sample Size 

Assuming a hypothetical effect size of 
0.35, a sample size of at least 170 pa- 
tients in each treatment group pro- 
vided a 90% power at a 2-sided a level 
of .05, based on a 2-sample t test for 
change from baseline to week 24 in both 
SIB and ADCS-ADLig scores. 

Statistical Analyses 

Three populations were considered in 
the statistical analyses. The random- 
ized population consisted of all pa- 
tients randomized into the study 
(n=404); the safety population con- 
sisted of all randomized patients who 
received at least 1 dose of double- 
blind study medication (n=403); the 
modified intent-to-treat population 
specified by the protocol consisted of 
patients in the safety population who 
completed at least 1 postbaseline SIB or 
ADCS-ADL 19 assessment (na395). The 
SLaLisLical analysis plan-fur this study 



stipulated that only postbaseline data 
could be carried forward. Particularly 
for the CIBIC-Plus, it is not possible to 
carry forward baseline data because by 
definition this is a change score and is 
not applicable to baseline. All efficacy 
analyses were based on the modified in- 
tent-to-treat population. Primary effi- 
cacy analyses were conducted by us- 
ing the last observation carried forward 
(LOCF) approach for missing data im- 
putation. Supportive analyses were per- 
formed by using the observed case ap- 
proach. Change from baseline was 
compared between memantine and pla- 
cebo groups using a 2-way analysis of 
covariance, with treatment group and 
center as main effects and baseline total 
score as the covariate. The study was 
to be declared positive if memantine 
was statistically significandy better than 
placebo (P<.05) on both the SIB and 
ADCS-ADL19. For categorical mea- 
sures, the Cochran-Mantel-Haenszel 
statistic using modified Ridii scores 
(Van Elteren test) controlling for study 
center was used to compare distribu- 
tions between memantine and pla- 
cebo groups. No interim analyses were 
performed. SAS version 6.12 (SAS In- 
stitute, Cary, NC) was used for all 
analyses. 

RESULTS 

Participants 

The trial profile is summarized in 
FIGURE 1. Of the 404 patients who en- 
tered the study, 201 were randomized 
to placebo and 203 were randomized 
to memantine (1 in the memantine 
group withdrew consent before receiv- 
ing treatment). No patients were ex- 
cluded during the placebo lead-in pe- 
riod for lack of compliance. Significandy 
more participants in the memantine 
group (n=172, 85.1%) completed the 
study than in the placebo group 
(n-lSO, 74.6%, P..01). No patients 
discontinued because of changes in ad- 
ministration of donepezil 

The demographic and clinical char- 
acteristics of the 2 groups at baseline 
arc summarized in TABLE 1. Patients in 
the memantine group were slightly 
heavier (F « .003) than those in the pla- 
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Figure 1. Study Flow 
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cebo group; retrospectively adding this 
variable to ihe analysis ofcovariance did 
not affect the primary outcomes. No 
clinically relevant group differences 
were observed for the duration of done- 
pezil use before baseline or for any other 
characteristic at baseline. Most pa- 
tients (87%) had a FAST rating be- 
tween 4 and 6c. The most frequent 
medical conditions were not re- 
corded, but the following body sys- 
tems were noted to be affected at screen- 
ing for placebo and memantine groups, 
respectively: eyes-ears-nose-throat (43% 
and 43%), neurological (34% and 38%) , 
appearance/skin (40% and 33%), mus- 
culosjtektal (29% and 29%), cardio- 
vascular (20% and 23%), abdomen 
(12% and 17%), head/neck (6% and 
9%), other (10% and 9%), and pulmo- 
nary (3% and 5%). The most frequent 
medication classes (>20%) used dur- 
ing treatment with placebo and meman- 
tine, respectively, were vitamins (74% 
and 77%), analgesics (46% and 48%), 
antidepressants (36% and 36%), min- 
eral supplements (22% and 27%), lipid- 
reduciug agents (23% and 25%), anx- 
iolytics/neuroleptics (26% and 22%), 
and ana-iruTammatory agents (21% and 
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24%)7There~were "no statistically sig- 
nificant differences between groups in 
the number or type of medical disor- 
ders experienced previously or at the 
lime of enrollment, or in the number 
or type of concomitant medications 
used during the study. 

Efficacy 

Statistically significant benefits of treat- 
ment with memantine vs treatment with 
placebo were observed on all primary 
and secondary outcome measures as pre- 
sented. Table 2 summarizes primary 
and secondary efficacy ou tcomes at week 
24 and at end point, using both ihe ob- 
served case and LOCF analytical ap- 
proaches. 

Primary Outcomes 

Analyses using the LOCF approach 
showed a statistically significant ben- 
efit of memantine treatment vs treat- 
ment wiih placebo on the SIB (P<001) 
and the ADCS-ADL 19 (P=,03), as did 
analyses using the observed case ap- 
proach (P<.001 for SIB; P = .02 for 
ADCS-ADL l9 ). Post hoc analyses in- 
cluding all randomized patients also 
showed statistically significant ben- 
efits consistent with analyses using the 
modified intent-to-treac population (for 
SIB, P<.O01 and for ADCS-ADL 19 , 
P=.03). 

Figure 2 depicts the mean change 
from baseline by visit and at end point 
on the SIB by using observed case and 
LOCF, showing statistically signifi- 
cant differences between the meman- 
tine and placebo groups at all visits be- 
ginning at week 8; the mean SIB values 
for the patients receiving memantine re- 
mained above baseline throughout the 
trial Figure 2 also depicts the mean 
change in total ADCS-ADL l9 from base- 
line by visit and at end point by using 
observed case and LOCF, respec- 
tively, showing a statistically signifi- 
cant difference (P<,05) from placebo 
beginning at week 4. 

Secondary Outcomes 

A CIBIC-Plus score was used as a mea- 
sure of overall clinical response to 
therapy. The mean CIBIC-Plus score was 



statistically sigriificandy better for the 
memantine group vs the placebo group 
using both observed case and LOCF 
(Table 2). Furthermore, 55% of the 
memandne group was rated as improved 
or unchanged vs 45% of the placebo 
group at end point FIGURE 3 provides 
the distribution of CIBIC-Plus ratings at 
end point using LOCF analysis. 

The total NP1 score was signifi- 
cantly lower for the memantine group 
compared with the placebo group at 
week 24 (P*=.01 with observed case 
analysis and P= .002 with LOCF), rep- 
resenting fewer behavioral distur- 
bances and psychiatric symptoms for 
patients in the memantine group. The 
BGP care dependency subscale was also 
statistically significantly improved for 
the memantine group compared with 
the placebo group (P=,001 using ob- 
served case and P=.001 using LOCF; 
Table 2). 

Safety and Tolerabilrty 

Overall treatment- emergent adverse 
events are summarized in Table 3. 
More participants (n=25, 12.4%) in the 
placebo- treated group discontinued 
prematurely because of adverse events 
than in the memantine group (n=15 f 
7.4%; Figure 1). The adverse event most 
often associated with discontinuation 
was confusion, resulting in discontinu- 
ation in 1.5% of patients in the pla- 
cebo group and 2% in the memantine 
group. 

Adverse events occurred in 72% of the 
placebo and 78% of the memantine 
groups. Most adverse events were rated 
as mild or moderate in severity and were 
judged to be not related to study drug 
for participants in both treatment 
groups. The only adverse events that oc- 
curred in at least 5% of the memantine 
group and with an incidence of at least 
twice that of the placebo group were 
confusion (7.9% vs 2.0%, respectively; 

.01) and headache (6.4% vs 2.5%, re- 
spectively; P=,09). By similar criteria, 
lower incidences of diarrhea (4.5% vs 
8.5%) and fecal incontinence (2.0% vs 
5.0%) were observed in the memantine 
group compared with the placebo 
group, respectively. Other gastrointes- 
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cinal effects of interest for patients re- 
ceiving cholinesterase inhibitors in- 
cluded nausea, which was reported by 
3.5% of the placebo group and 0.5% of 
the memanrine group, and constipa- 
tion, which was reported by 1.5% of the 
placebo group and 3.0% of the meman- 
rine group. 

Of the patients who experienced con- 
fusion, 4 (25%) of 16 patients receiv- 
ing memantine discontinued treat- 
ment because of this adverse event, 
whereas 3 (75%) of 4 patients receiv- 
ing placebo did so. In most of the pa- 
tients receiving memantine, confu- 
sion was rated as mild, occurred at a 
median of 32 days, and remitted within 
2 weeks. In patients receiving pla- 
cebo, confusion was more likely to be 
rated as severe, occurred at a median 
of 55 days, and did not remit No pa- 
tients discontinued because of head- 
ache, which usually lasted 1 day. 

No clinically significant differences 
were detected between treatment groups 
in the mean change from baseline to end 
point or in the incidence of potentially 
clinically significant values for labora- 
tory tests, vital sign measurements, or 
electrocardiogram parameters. 



COMMENT 

To our knowledge, this is the first pub- 
lished, prospective, double-blind, pla- 
cebo-controlled study examining the 
benefits of an NMDA receptor antago- 
nist in patients with AD receiving a 



stable dose of donepeziL Efficacy of 
memanrine was significantly better than 
placebo for treatment of moderate to se- 
vere AD in community-dwelling pa- 
tients. Specifically, measures of cogni- 
tive function, activities of daily living, 



Tafate 1. Baseline Demographic and Clinical Characteristics* 





Placebo 


Memantine 


Characteristics 


(n-201) 


<n»202) 


Men 


67 (33) 


74(37) 


Women 


134(67) 


128(63) 


Aqq. mean (SD), y 


75.6 (6.73) 


75.5 (8.45) 


Weight, mean (SD), kg 


66.4 (14,12) 


70.7(1*,31)t 


White race 


186 (92.5) 


132(90-1) 


MMSE score, mean (SD) 


10.2(2.98) 


9.9 (3.13) 


Duration of donepezil treatment, mean (SD). wk 


129(70.3) 


126 (64.9) 


Donepezjl dose, mean (SD), mg 


9.49 (1.66) 


9.25 (1.79) 


Any concurrent medical condition 


149(74.1) 


149(73.6) 


Any concomitant medication during treatment 


197 (96.0) 


197(97.5) 


Tocopherol 


120(59,7) 


131 (64.9) 


Multivitamins 


76 (38.8) 


60 (39-6) 


Acetyteaiicyllc arid 


76(37.8) 


73 (36.1) 


Ascorbic acid 


35 (17.4) 


43 (21-3) 


Paracetamol 


25(12.4 


32 (15.8) 


Ginkgo bitoba 


24 (11.9) 


31 (15.3) 


Calcium 


21 (10.4) 


26 (12.4) 



AbbreviHtkxi:M^.MIni-l^nt^5iaieB(Brninallon. 

•Data a/e No. (%) unless otherwise specified. One randomized pattern discontinued the study pnor 10 receiving any 

treatment end was not Included in the analyses. 
tP = .003. 



Table 2. Efficacy Outcomes at Week 24 (Observed Case) and at End Point (LOCF)* 

™" " " ~ Least Squares Mean Score (SE) 

Change From Baseline 



Baseline End Point LOCFt Week 24 Observed Case 



Outcome Measure 


Placebo 


I 

Memantine 


I 

Placebo 


Memantine 


P Value 


I 

Placebo 


Memantine 


' I 

P Value 


SIS 


80.0 (1.13) 


76.0(1.11) 


-2,5 (0.69) 


0.9 (0.67) 


<.001 


-2.4(0.74) 


1.0(0.70) 


<.C01 


No. of patients 


197 


198 


196 


198 




153 


171 




ADCS-ADU 


35.8 (0,74) 


$5.5 (0.73) 


-3.4(0.51) 


-2.0 (0.50) 


.03 


-3.3 (0,55) 


-1.7(0.51) 


.02 


No. of patients 


197 


199 


197 


196 




152 


172 




CIBIC-Plus* 


IMA 


NA 


4.66 (0.075) 


4.41 (0.074) 


.03 


4,64 (0-087) 


4.38(0-081) 


.03 


No. of patients 


197 


198 


196 


198 




152 


172 




NPI 


13.4 (1.08) 


13.4 (1.07) 


3.7 (0.99) 


-0.1 (0.98) 


.002 


2.9 (1.06) 


-0.5 (0.99) 


.01 


No. of patients 


197 


198 


189 


193 




152 


171 




BGP Care Dependency Subscate 


9.6 (0.46) 


9.5 (0.45) 


2.3 (0-33) 


0.6 (0.37) 


.001 


2.2 (0.40) 


0.6 (0,37) 


.001 


No. of patients 


196§ 


198 


179 


166 




151 


172 





Abbreviations: ADCS-ADU 19-tem Alzheimer Disease Cooperative Study-ActiviUe* ot Dally Uvfng Inventor BGP. Behavioral Rating Scale for Gen^ic Patients; Cjei^Ptua, 
CSnicJan's interview-Baaed Impression of Change Pius Caregiver Input; LOCF, tear observation carried forward; NA, not applicable: NPI, Neuwychlatrlc Inventory; SIB. Sever* 



♦SIB range of possible scores. 0 to 100: higher scow indicates better function. ADCS-ADL,. range of possible scores, 0 to 54; Noher score indicates better function. CjBiC-Plus 
was defined aa e change scoro, therefore baseline values are not applicable: range of possible scores, 1 (marked improvement to 7 (marked worsening. Npi range of pOSaJOle 
scores, 0 to 1^4; higher scores Indicate worse eymptoma. BGP range of poe«lWe scores. 0 to 70; higher scores Indicate worse function. 

tFor the end potra LOCf approach, only posibasoiine assaeamama were earned forward. 

iA/fthmenc mean. 

§Ona patient had an Incompleie BGP basoHno assessment and was not included. 
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Figufe 2. $18 and ADC$-ADL 19 by Visit (Observed Case) and at End Point (LOCF) 
Severe Impairment Battery 
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No, of Pailenls 



24 End Point 
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Meinanlinfi 


196 
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190 
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171 
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Placebo. 


197 
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169 


16d 
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LS Mean Difference 




-1.2 


-1.5 
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-$,7 


-3.4 


-&4 
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.03 


<.001 


.008 


c.001 


c.001 



S ~ 1 ' 5 
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I "2.5 
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Alzheimer Disease Cooperative Study- 
AclMtiee of Dally Living inventory 



■ 


• Memantine 
0 Placebo 




*1 I 



12 



18 



2d 



EndPofnt 
(LOCF) 



Study Week 

No.ofPallenta 

Memantine 19B i98 190 185 151 172 108 

Placebo 197 195 182 170 163 152 197 

l£ Mean Difference -0.8 -1.1 -1.8 -1.4 -1.6 -1.A 

P Value .03 .01 .02 ,03 ,02 .03 



SIB indicates Severe Impairment Battery; ADCS-ADL,,, 19-item Alzheimer Disease Cooperative Study^Actlvittes of Daily Living Inventory; LOCF, last observation ear- 
ned forward. For the Severe impairment eattery, me mean (SD) score at baseline was 79.5 8) for the placebo group and 77.8 (15.46) for the memantlne group. 
For the Alzheimer Disease Cooperative Study-Activities of Daily Living Inventory, the mean (SD) score at baseline was 36.2 (932) for the placebo group and 3519 
(9.75) for the memanbne group. Only patients with at least 1 postbaseline assessment were Included In the COCF analysis. The end point Is the last nonmisslng post- 
baseline assessment carried forward to end of Study. Error bars indicate SEM. 



figure 3. Distribution of CIBIC-Plus Ratings at End Point (LOCF) 




improvement 



No Change 



Worsening 



CiBlC-Pius indicates Clinician's Interview-Based Impression of Change Plus Caregiver Input LOCF, last ob- 
servation carried forward. P=.03 for the comparison between the distribution of values for the memantlne 
and placebo groups, determined by the Cochran Mantel-Haenszel statistic using modified Ridrt scores (Van 
Bteren test) controlling for study center. 



behavior, and clinical global status were 
significantly improved with meman- 
tine compared with placebo. Treat- 
ment with memantine during the 
6-xnonth trial in patients with MMSE 
scores of 5 to 14 resulted in the main- 
tenance of cognitive function (0.9 in- 
crease in SIB score compared with 
baseline), whereas treatment with pla- 



cebo was associated with cognitive de- 
cline (2.5 decrease in SIB score com- 
pared with baseline). In comparison, the 
AD Cooperative Study group reported 
that for untreated patients with AD with 
MMSE scores of 5 to 9, the mean de- 
terioration rate on the SlB was roughly 
3.19 per month and for untreated pa- 
tients with AD with MMSE scores of 10 



to 15, the rate of change was 2.08 per 
month. 10 Treatment with memantine 
was associated with less decline on the 
CIBIC-Plus. 

These efficacy findings confirm and 
extend results from previous placebo- 
controlled trials of memantine in de- 
mentia. A 12-week multicenter Euro- 
pean trial 6 of memantine 10 mg/d was 
conducted in 166 nursing home resi- 
dents with severe dementia, including 
both Alzheimer type and vascular de- 
mentias, diagnosed by Diagnostic and 
Statistical Manual of Mental Disorders, 
Revised Third Edition criteria 18 (mean 
baseline MMSE of 6.3). Significant ben- 
efit of memantine vs placebo was ob- 
served on the Clinician's Global Im- 
pression of Change and the BGP care 
dependency subscale, and there were 
no clinically relevant differences in ad- 
verse events between memantine (21%) 
and placebo (22%) groups. A more re- 
cent 28-week multicenter US trial of 
memantine 20 mg/d monotherapy was 
conducted in 252 patients with mod- 
erate to severe probable AD by the Na- 
tional Institute of Neurological and 
Communicative Disorders and Stroke- 
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Alzheimer Disease and Related Disor- 
ders Association criteria and who were 
not permitted to receive a cholinester- 
ase inhibitor. 7 Significant benefit of 
memantine treatment was observed on 
the ADCS-ADLio, an assessment of 
function, and on the SIB, an assess- 
ment of cognition using both ob- 
served case and LOCF approaches, and 
on the CIBIC-Plus in the observed case 
but not the LOCF analysis. Adverse 
events were similar between the 
memantine (84%) and placebo (67%) 
groups. 

Patients in the memantine mono- 
therapy outpatientstudy 7 were more cog- 
nitively impaired (mean baseline MMSE 
of 7.9), more functionally impaired 
(mean baseline ADC5-ADL W score of ap- 
proximately 27), and experienced more 
psychopathology (mean baseline NP1 of 
approximately 20; rates of agitation as an 
adverse event in 32% and 18% of pa- 
tients treated with placebo and meman- 
tine, respectively) than patients in- 
cluded in this trial. In addition, the 
magnitude of the mernan tine-placebo dif- 
ferences in outcomes common to both 
studies, as well as the magnitude of de- 
cline in most measures over time, was 
greater in the memantine monotherapy 
study than observed in this trial. This 
finding may be related to the higher se- 
verity of dementia in patients enrolled in 
the memantine monotherapy trial or be- 
cause the present trial required donepe- 
zil therapy and permitted use of most 
psychotropics, factors which may have 
contributed to slower rates of decline in 
both the memantine and placebo groups. 
However, this type of inference is specu- 
lative given the absence of patients who 
were not treated with donepezil. Simi- 
lar to the finding in the present trial, dis- 
continuation rates because of adverse 
events in the monotherapy study were 
lower in patients receiving memantine 
than in those receiving placebo (10% vs 
17%, respectively). 7 These trials sup- 
port the efficacy of memantine for pa- 
tients with moderate to severe AD. 

Memantine administered at a dos- 
age of 20 mg/d to patients receiving 
stable doses of donepezil was safe and 
"Well toicfateU Significantly more pa~ 



tients receiving placebo discontinued 
the trial than patients receiving meman- 
tine and the rate of discontinuation be- 
cause of adverse events was lower in the 
memantine-treated group than in the 
placebo-treated group. The incidence 
of individual adverse events was gen- 
erally similar in the 2 groups. Confu- 
sion, although occurring at a low fre- 
quency, was more common in patients 
receiving memantine than in those pa- 
tients receiving placebo. However, it did 
not lead to a greater proportion of dis- 
continuations and was mild in inten- 
sity and duration. The gastrointestinal 
adverse effects associated with cholin- 
ergic compounds were more com- 
monly reported by patients receiving 
placebo, which was suggestive of a pos- 
sible amelioration of these adverse 
events by the addition of memantine 
treatment to patients receiving a stable 
regimen of donepezil therapy. There 
were no clinically significant meman- 
tine-related mean changes in labora- 
tory test results, vital signs, or electro- 
cardiogram parameters. 

There are limitations to the general- 
izability of our results. The trial did not 
address different doses or titration rates, 
the use of other cholinesterase inhibi- 
tors besides donepezil, or the impact of 
commencing memantine therapy be- 
fore donepezil. Although there is no 
a priori reason to expect different re- 
suits with other cholinesterase inhibi- 
tors, studies of memantine in combi- 
nation with other cholinesterase 
inhibitors are being conducted to ad- 
dress this issue, furthermore, results 
from an open-label European trial in- 
dicated that tolerability was not af-» 
fected when donepezil or other cholin- 
esterase inhibitors were administered 
to patients already receiving meman- 
tine. or vice versa. 8 Preclinical studies 
show that memantine does not affect 
the inhibition of acetylcholinesterase by 
donepezil, nor does it bind to musca- 
rinic receptors. 19 * 21 Furthermore, in 
healthy volunteers, no pharmacoki- 
netic or pharmacodynamic interac- 
tions were observed between meman- 
tine and donepezil. 22 Although 
rhVrhYutihe" hlis Ite 



Table 3. Adverse Events Reported in at 
Least 5% of Patients In Either Treatment 
Group" 



Adverse Event, 
No. (%) 





i 

Piacobo 


I 

Memantine 




(n = 2U1) 


(n = 202) 


Agitation 


24 (11.9) 


19(9.4) 


Confusion 


4(2.0) 


16(7.9) 


Fall 


14(7.0) 


15(7.4) 


Influenza-like 


13 (6-5) 


15(7.4) 


eymptoms 




Dizziness 


16(8.0) 


14(6.9) 


Headache 


5(2.6) 


13(8.4) 


Urinary tract Infection 


10(5,0) 


12(5.9) 
11 (5.4) 


Urinary Incontinence 


6 (3.0) 


Accidental Injury 


16(8.0) 


10(5.0) 


Upper respiratory 


13 (6.5) 


10(5.0) 


tract Infection 




Peripheral edema 


B(4.0) 


10(5.0) 


Diarrhea 


17(8.5) 


9(4.5) 


Fecal Incontinence 


10(5.0) 


4(2.0) 



* Patients may have reported more than 1 adverse event. 

cognitive effects in patients with mild 
to moderate vascular dementia, the ef- 
ficacy of memantine administered alone 
or along with any cholinesterase in- 
hibitor in other forms of dementia was 
not systematically evaluated in this 
trial. 23 ' 2 * 

The long-term effects of memantine 
and cholinesterase inhibitor treatment 
were not addressed in this double- 
blind trial but are the focus of the open- 
label extension and other ongoing trials. 
Considering that patients in this study 
had been receiving stable long-term 
donepezil therapy before enrollment, it 
is possible that participants were more 
likely to experience good tolerability and 
efficacy in the trial, perhaps because of 
having fewer medical problems or ex- 
periencing a slower rate of decline than 
patients without any prior AD treat- 
ment. However, the use of concomi- 
tant medications was typical for this el- 
derly patient population and was similar 
between the groups. In addition, the 
dropout rate was approximately 15% in 
the memantine group vs approxi- 
mately 25% in the placebo group, a phe- 
nomenon that perhaps led to an under- 
estimation of the effect of memantine. 

Drugs that target the glutamatergic 
system appear to have a therapeutic role 
in AD, 23,26 Memantine may block patho- 
logical activation of NMDA receptors 
wHiledissociatijigFrdm tn'e'NNiljAre- ' 
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ceptor channel during normal physi- 
ological conditions, 20 in theory improv- 
ing cognition in states of glutamatergic 
excess. It is plausible that combining 
donepezil and memaniine, which affect 
separate neurotransmitter systems, may 
confer independent clinical benefits. 
However, given the complex intercon- 
nection of different neurotransmitter 
systems, a synergistic mechanism is also 
plausible. Although the specific mecha- 
nisms and interactions between these 
therapies have not yet been defined, this 
and other studies demonstrate that 
memantine alone or together with a 
cholinesterase inhibitor results in sig- 
nificantly better outcomes than pla- 
cebo in patients with moderate to se- 
vere AD. 
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ABSTRACT 



BACKGROUND 

Overstimulation of the N-methyl-D-aspartate (NMDA) receptor by glutamate is im- 
plicated in neurodegenerative disorders. Accordingly, we investigated memantine, an 
NMDA antagonist, for the treatment of Alzheimer's disease. 

METHODS 

Patients with moderate-to-severe Alzheimer's disease were randomly assigned to re- 
ceive placebo or 20 mg of memantine daily for 28 weeks. The primary efficacy vari- 
ables were the Clinician's Interview-Based Impression of Change Plus Caregiver Input 
(CIBIC-Plus) and the Alzheimer's Disease Cooperative Study Activities of Daily Living 
Inventory modified for severe dementia (ADCS-ADLsev). The secondary efficacy end 
points included the Severe Impairment Battery and other measures of cognition, func- 
tion, and behavior. Treatment differences between base line and the end point were 
assessed. Missing observations were imputed by using the most recent previous obser- 
vation (the last observation carried forward). The results were also analyzed with only 
the observed values included, without replacing the missing values (observed-cases 
analysis). 
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Two hundred fifty-two patients (67 percent women; mean age, 76 years) from 32 U.S. 
centers were enrolled. Of these, 181 (72 percent) completed the study and were evalu- 
ated at week 28. Seventy-one patients discontinued treatment prematurely (42 taking 
placebo and 29 taking memantine). Patients receiving memantine had a better outcome 
than those receiving placebo, according to the results of the CIBIC-Plus (P=0.06 with 
the last observation carried forward, P=0.03 for observed cases), the ADCS-ADLsev 
(P=0.02 with the last observation carried forward, P=0.003 for observed cases), and 
the Severe Impairment Battery (P<0.001 with the last observation carried forward, P= 
0.002 for observed cases). Memantine was not associated with a significant frequency 
of adverse events. 



CONCLUSIONS 

Antiglutamatergic treatment reduced clinical deterioration in moderate-to-severe 
Alzheimer's disease, a phase associated with distress for patients and burden on care- 
givers, for which other treatments are not available. 
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A LZHEIMER'S DISEASE AFFECTS AT 

/% least 15 million persons throughout the 
JL lL world. 1 ' 2 The number of persons with Alz- 
heimer's disease is increasing substantially as pop- 
ulations age. 3 As Alzheimer's disease advances, 
patients become progressively impaired in both 
cognitive and functional capacities, 2 ' 4 and the bur- 
den on caregivers increases. Pharmacologic treat- 
ments are currently approved for treating mild-to- 
moderate Alzheimer's disease. 5 However, there are 
no treatments for the more advanced stages of Alz- 
heimer's disease. 

Glutamate is the principal excitatory neurotrans- 
mitter in the brain. 6 ' 7 Glutamatergic overstimula- 
tion may result in neuronal damage, a phenomenon 
that has been termed excitotoxicity. Such excitotox- 
icity ultimately leads to neuronal calcium overload 
and has been implicated in neurodegenerative dis- 
orders. 8 Glutamate stimulates a number of postsyn- 
aptic receptors, including the N-methyl-D-aspartate 
(NMDA) receptor, which has been particularly im- 
plicated in memory processes, dementia, and the 
pathogenesis of Alzheimer's disease. 9 " 11 

Memantine, an uncompetitive NMDA-receptor 
antagonist, could be of therapeutic value in Alz- 
heimer's disease. 12 A recent study in patients with 
advanced dementia (Alzheimer's disease and vas- 
cular dementia) suggested therapeutic benefits. 13 
Accordingly, we conducted a trial of the efficacy of 
memantine in outpatients with moderate-to-severe 
Alzheimer's disease. 



METHODS 

PATIENTS 

Patients at least 50 years old who were residing in 
the community and had probable Alzheimer's dis- 
ease according to the criteria of the Diagnostic and 
Statistical Manual of Mental Disorders, fourth edition 
(DSM-IV) 4 and of the National Institute of Neuro- 
logic and Communicative Disorders and Stroke 
and the Alzheimer's Disease and Related Disor- 
ders Association 14 were recruited. The eligibility 
criteria included base-line Mini-Mental State Ex- 
amination scores of 3 to 14, 15 a stage of 5 or 6 on 
the Global Deterioration Scale, 16 and a stage of 6a 
or greater on the Functional Assessment Staging 
instrument, 17 signifying the presence of dementia- 
related deficits in the ability to perform one or more 
basic activities of daily living. The patients had reli- 
able caregivers and had undergone computed to- 
mography (CT) or magnetic resonance imaging 
(MRI) of the brain within the previous 12 months. 



Patients with vascular dementia, dementia or 
clinically significant neurologic disease due to con- 
ditions other than Alzheimer's disease, major de- 
pressive disorder, or a score greater than 4 on the 
modified Hachinski Ischemic Rating Scale 18 were 
excluded. Patients with clinically significant coex- 
isting medical conditions or laboratory abnormali- 
ties were also excluded, as were patients receiving 
specific concomitant medications (anticonvulsant 
agents, antiparkinsonian agents, hypnotic agents, 
anxiolytic agents, neuroleptic agents, cholinomi- 
metic agents, or any other investigational com- 
pounds). Patients who had been receiving stable 
antidepressant treatment for at least two months 
were eligible, and chloral hydrate could be used as 
a sedative or hypnotic, but not within 24 hours be- 
fore an assessment. 

STUDY DESIGN 

In this 28-week, double-blind, parallel-group study, 
patients were randomly assigned to receive either 
memantine (20 mg per day; Merz) or an identical- 
appearing placebo. Randomization was stratified 
according to site with the use of RanCode (version 
3.1) and in blocks of four, with staff at the individ- 
ual sites blinded to the randomization process. The 
assigned treatment was discontinued if continua- 
tion represented a medical risk in the opinion of 
the study physician, or if the patient declined ongo- 
ing participation. Subjects who withdrew prema- 
turely were asked to complete end-point measures 
at the time of early termination and to return at 28 
weeks for a "retrieved-dropout visit, " which included 
all end-point assessments. The results of an option- 
al 24-week open-label study extension, in which all 
patients took memantine, are still being analyzed. 

Thirty-two U.S. centers participated. The trial 
was conducted in compliance with the Declaration 
of Helsinki and its amendments and was approved 
by study-center institutional review boards. The el- 
igible patients and responsible caregivers provided 
written informed consent. 

Merz Pharmaceuticals provided study medica- 
tion and funding and was involved in planning the 
design and protocol. Data analysis was performed 
by a contract research organization (Quin tiles), 
along with the authors. The data are stored at Merz 
Pharmaceuticals. 

EFFICACY VARIABLES 

The prespecified primary efficacy variables were 
the Clinician's Interview-Based Impression of 
Change Plus Caregiver Input (CIBIC-PIus) global 
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score (New York University version) 19 at 28 weeks 
and the change from base line to week 28 in the 
Alzheimer's Disease Cooperative Study Activities 
of Daily Living Inventory (ADCS-ADL) 20 modified 
for more severe dementia (ADCS-ADLsev). 21 If val- 
ues from the 28-week observation were not avail- 
able, the last observed value was used. Assessments 
were conducted at base line, at mid-study (week 12) , 
and at the end of treatment (week 28) or at early ter- 
mination, with a 28-week retrieved-dropout visit 
when possible. 

The CIBIC-Plus measures overall global change 
relative to base line and is scored on a seven-point 
scale ranging from 1 (markedly improved) to 
7 (markedly worse). The domains of cognition (as- 
sessed by patient interview), function (caregiver 
interview), and behavior (separate patient and care- 
giver interviews) are systematically evaluated. Ex- 
perienced clinicians, blinded to adverse events and 
other study assessments, conducted separate inter- 
views with study patients and caregivers to assess 
overall change on the CIBIC-Plus. To ensure con- 
sistency, the same clinician completed all CIBIC- 
Plus interviews for each study patient and associat- 
ed caregiver wherever possible. 

The ADCS-ADL is a structured questionnaire 
originally created to assess functional capacity over 
a broad range of severity of dementia. Each item 
consists of a series of hierarchical questions de- 
signed to determine a patient's ability to perform 
one of the activities of daily living, ranging from to- 
tal independence to total inability. A subgroup of 
19 individually validated items (the ADCS-ADLsev) 
was used; a total score of 54 signified optimal per- 
formance, and lower scores indicated worse per- 
formance. Caregivers assessed a patient's activities 
during the preceding four-week interval. The differ- 
ences in total scores were analyzed. 

In addition, six other efficacy variables were 
measured. The Severe Impairment Battery 22 ' 23 was 
designed to evaluate cognitive performance in ad- 
vanced Alzheimer's disease. A 51-item scale, it as- 
sesses social interaction, memory, language, visuo- 
spatial ability, attention, praxis, and construction. 
The scores range from 0 (greatest impairment) to 
100. The Severe Impairment Battery was part of a 
predefined responder analysis. The Mini-Mental 
State Examination 15 is a 30-point scale that meas- 
ures cognitive function, with higher scores indi- 
cating better function. The Global Deterioration 
Scale 16 is a seven-stage scale that assesses overall 
cognitive and functional capacity on the basis of ob- 



servations of the patient and reports from the care- 
giver. Higher stages signify greater impairment. 

The Functional Assessment Staging scale 17 as- 
sesses the magnitude of progressive functional de- 
terioration in patients with dementia by identifying 
characteristic progressive disabilities. Its seven ma- 
jor stages range from normal (stage 1) to severe 
dementia (stage 7). Five substages in stage 6, cor- 
responding to the loss of ability to independently 
dress, bathe, and handle proper mechanics and 
cleanliness in using the toilet, and to remain con- 
tinent, respectively, of urine and feces and six sub- 
stages in stage 7, corresponding to the loss of 
speech, ambulation, and other motor capacities, are 
assessed. The Neuropsychiatric Inventory 24 assess- 
es neuropsychiatric disturbances with a 12-item 
scale based on information from the caregiver re- 
garding the patient's behavior and associated dis- 
tress felt by the caregiver. The scores range from 
0 to 144 for the patient-assessment rating and from 
0 to 60 for the caregiver-distress rating, with 0 indi- 
cating the optimum in each case. The Resource 
Utilization in Dementia 25 instrument was designed 
to assess the burden on the caregiver and to pro- 
vide Alzheimer's disease-related health economics 
data through structured interviews with caregivers. 
To assess the clinical relevance of treatment effects 
further, a multifactor responder analysis was pre- 
defined. 

Measures of safety, assessed at specified inter- 
vals, included neurologic and physical examina- 
tions, measurement of vital signs, electrocardiog- 
raphy, laboratory tests (hematologic tests, blood 
chemical values, and urinalysis), and recording of 
adverse events. 

STATISTICAL ANALYSIS 

The main efficacy analysis was based on the ran- 
domized patients who received at least one assess- 
ment after base line. This analysis included both 
those who completed the study and those who dis- 
continued their assigned treatment prematurely. 
For the latter, the efficacy observation at week 28 
was imputed from the last available observation 
carried forward. 26 Three additional analyses were 
also performed to adjust for missing values. One 
analysis was identical to the primary analysis, except 
that the actual retrieved-dropout values at week 28 
were used when available. A second analysis includ- 
ed patients for whom no value after base line was 
available in addition to the intention-to-treat pop- 
ulation and assumed no change in the outcome 



N ENGL J MED 348^4 WWW.NEJM.ORG APRIL 3,2003 



1335 



The NEW ENGLAND JOURNAL of M EDICIN E 



measures for these patients. In the third analysis, 
missing values were replaced for those with no 
value after base line by the mean observed value for 
decline in the placebo group. An observed-cases 
analysis was also performed based on data for all 
randomized patients who were available for evalu- 
ation at week 28. 

Efficacy outcomes were analyzed by application 
of the Wilcoxon-Mann-Whitney test for independ- 
ent samples to the change from base line. There 
were no interim analyses. The prespecified group 
with an individual response was defined as the pa- 
tients who improved or had no deterioration on the 
CIBIC-Plus and who improved or had no deteriora- 
tion on either the ADCS-ADLsev or the Severe Im- 
pairment Battery. All patients were included in the 
safety analysis. All reported P values are two-sided. 



RESULTS 



STUDY POPULATION 

Of 345 patients screened between August 1998 and 
April 1999 at 32 U.S. centers, 252 were randomly 



Table 1. Base- Line Characteristics of the Intention-to-Treat Population;* 




Memantine 


Placebo 


Total 


Characteristic 


(N = 


126) 


(N = 


126) 


(N=252) 






Did Not 




Did Not 






Completed Complete Completed Complete 
Study Study Study Study 
(N=97) (N=29) (N=84) (N=42) 




Sex — rid. {%) 












Female 


70 (72.2) 


21 (72.4) 


55 (65.5) 


24 (57.1) 


170 (67.5) 


Male 


27 (27.8) 


8 (27:6) 


29 (34.5) 


18 (4219) 


82 (32.5) 


Age — yr 


75.5±8.16 


77.3*9.17 


75.8*7.28 


77.5±8.61 


76.1±8.07 


Education — yr 


12.3±3.06 


13.0±3.14 


12.9±3.14 


11.7±2.91 


1Z5±3.09 


Race — no. (%) 












White 


85 (87.6) 


27(93.1) 


75 (89.3) 


40(95.2) 


227 (90 1) 


Black 


4 (4.1) 


1 (3.4) 


4 (4.8) 


2(4.8) 


11 (4.4) 


Other 


8(8.2) 


1(3:4) 


5(6.0) 


o . 


w (5-6) ; 


MMSE score 


7.8±3.76 


7.6±3.67 


8.1±3.60 


7.9±3.54 


7.9±3.64 


GDS stage 

— no. (%) 










■ ■ 1 


5 


46 (47.4) 


13 (44.8) 


41 (48.8) 


12 (28.6) 


112 (44.4) 


6 


51 (52.6) 


16(55.2) 


43 (51,2) 


30(71.4) 


140(55.6) 



*The intention-to-treat population included all randomized patients. Plus-minus 
values are means ±SD. MMSE denotes Mini-Mental State Examination, and 
GDS Global Deterioration Scale. 



assigned to study groups. Seventy-one of the pa- 
tients (42 of the 126 assigned to placebo and 29 of 
the 126 assigned to memantine) discontinued their 
assigned treatment before week 28, and the remain- 
ing 181 completed the double-blind portion of the 
study. Five patients were excluded from the analysis 
of the ADCS-ADLsev results and 16 from the anal- 
ysis of the CIBIC-Plus results because they had not 
been assessed after the base-line assessment. The 
mean (±SD) duration of treatment for both groups 
was 24±8 weeks. Only 5 of the 71 patients who left 
the study returned for a retrieved-dropout visit at 
week 28. Premature discontinuations were due to 
adverse events in 22 of the patients in the placebo 
group (17 percent) and 13 of the patients in the me- 
mantine group (10 percent). Other major reasons 
for discontinuation included the patient's refusal 
of ongoing participation (14 patients receiving pla- 
cebo [11 percent] and 12 patients receiving meman- 
tine [10 percent]), death (4 patients receiving place- 
bo [3 percent] and 1 patient receiving memantine 
[1 percent]), protocol violation (3 patients receiving 
placebo [2 percent] and 3 patients receiving meman- 
tine [2 percent]), and change of caregiver (2 patients 
receiving placebo [2 percent] and none receiving 
memantine). Patients could have multiple reasons 
for discontinuation. 

The base-line characteristics were similar in the 
two treatment groups (Table 1). Of the randomized 
patients, 67 percent were female, and the mean age 
was 76 years. The mean base-line score on the Mini- 
Mental State Examination for the study population 
was 7.9. 

EFFICACY 

The base-line scores and the results based on anal- 
yses with the last observation carried forward and 
analyses of observed cases for the efficacy variables 
are shown in Table 2. The CIBIC-Plus ratings at the 
end point (mean difference between the groups, 
0.3; P=0.06) and week 28 (mean difference, 0.3; 
P=0.03) supported the effectiveness of memantine 
(Fig. 1A). 

The total ADCS-ADLsev scores at base line were 
similar in the two groups (27.4 in the placebo group 
and 26.8 in the memantine group) (Table 2). At the 
end point and at week 28 (Fig. IB), there was sig- 
nificantly less deterioration in the memantine group 
than in the placebo group (in the analysis with the 
last observation carried forward, the mean differ- 
ence was 2.1 [P=0.02]; in the observed-cases anal- 
ysis, the mean difference was 3.4 [P=0.003]). 
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The Severe Impairment Battery showed signifi- 
cant differences favoring meman tine (P<0.001with 
the last observation carried forward, P=0.002 for 
observed cases) (Fig. 2A). On the basis of the prede- 
termined definition of a response in the study proto- 
col, 29 percent of the patients receiving memantine 
and 10 percent of those receiving placebo had a re- 
sponse (P<0.001). 

Memantine-treated patients showed significant- 
ly less deterioration in their functional Alzheimer's 
disease stage, as measured by the Functional As- 
sessment Staging score (P=0.02 with the last ob- 
servation carried forward, P=0.007 for observed 



cases) (Fig. 2B). In the analysis of the intention-to- 
treat population with the last observation carried 
forward and at week 28 no significant differences 
were observed between treatment groups in the 
Mini-Mental State Examination score, Global De- 
terioration Scale stage, or Neuropsychiatric Inven- 
tory score. 

Additional analyses were performed with differ- 
ent strategies used for missing values, as described 
above. The results were unchanged in each of these 
analyses. 

A subgroup analysis examined whether efficacy 
was seen in both patients with moderate Alzheimer's 



Table 2. Results off the Efficacy/ Analysis;^ 


■*» 


■< - * Hk ' 


. . >v : 








Measure 


Base Line 


Analysis with Last Observation 
Carried Forward 
(Change from Base Line at End Point) 


Analysis off Observed Cases 
(Change from Base Line at Week 28) 




Memantine 


Placebo 


Memantine 


Placebo 


PValue-f 


Memantine 


Placebo 


P Valuet 


CIBIC-PlusJ 
Score 

No. ofpatients 


NA 
126 


NA 
126 


4.5±1.12 
118 


4.8±1.09 
118 


0.06 


. 4.4±l;12i 


4:7±1.13 

;,/;;84 : A-; .. = 


003 


ADCS-ADLsev$ 
Score 

No. ofpatients 


26.8 
126 


27.4 
126 


-3.1±6.79 
124 


-5.2±6.33 
123 


0.02 


-2.5±6.27 
97 


-5.9±6.78 
84 


0.003 


SIB 

Score 

No. of patients 


65.9 
126 


68:3 
126 


-4.0±11.34 

124 • 


-10.lll3.5u 

" • 123 , 


<0.001 


^ -4.5ill.48 

.\ ! : 96 


-10.2±12.66 


0.002 


MMSE 
Score 

No. of patients 


7.7 
126 


8.1 
126 


-0.5±2.40 
124 


-1.2±3.02 
124 


0.18 


-0.6±2.61 
97 


-0.9±3.09 
82 


0.68 


FASTI 
Score 

No. ofpatients 


2.8 
126 


£8; 

126 


0.2±1.24 

: ; :i2I..;/ ; 


0:6±139 

,.;118v , : 


•0.02 


: . 0.1±1.2* 
97 


^5±1.38 


0.007 


GDS 
Score 

No. of patients 


5.5 
126 


5.6 
126 


0.1±0.47 
121 


0.2±0.48 
119 


0.11 


0.1±0.49 
97 


0.2±0.48 
84 


0.16 


NPIfl 
Score 

No. ofpatients 


21.4 
126 


; 19.5 
126 


0.5±15;76 
120 


3.8*16.06 
119 


0.33 : 


;0;1±15;92 

97 ; 


2.9±16.13 

M 


:Oj60 



* CI denotes confidence interval, CIBIC-Plus Clinician's Interview- Based Impression of Change Plus Caregiver Input, NA not applicable, ADCS- 
ADLsev Alzheimer's Disease Cooperative Study Activities of Daily Living Inventory (modified for severe dementia), SIB Severe Impairment 
Battery, MMSE Mini-Mental State Examination, FAST Functional Assessment Staging, GDS Global Deterioration Scale, and NPI Neuropsy- 
chiatric Inventory. The analysis with the last observation carried forward was performed with the intention-to-treat population. For this analysis, 
the numbers ofpatients fulfilling the intention-to-treat criteria are given in parentheses. The observed-cases analysis was performed with 181 
patients observed at week 28. Plus-minus values are means ±SD. 

•\ P values are based on the Wilcoxon-Mann-Whitney test for between-treatment comparisons. 

j The CIBIC-Plus is a change score. By design the base-line score, "no change," is set at 4.00. Higher values at subsequent measurements indicate 
worsening. The end-point and week 28 values are actual mean ratings. The 95 percent confidence intervals for the differences between groups 
were -0.51 to 0.02 for the change from base line at the end point and -0.69 to -0.03 for the change from base line at week 28. 

J The 95 percent confidence intervals for the differences between groups were 0.49 to 3.78 for the change from base line at the end point and 
1.45 to 5.28 for the change from base line at week 28. 

^| The FAST scores were calculated by enumerating the FAST stages and substages as follows: stage 3 (a score of-2) through 5 (0) and substage 
6a (1) through substage 7f (ll). 17 

[ The NPI scores are from the patient assessments. 
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Figure 1. Primary Efficacy Variables: v 

The mean (±SE) scores at each specified time in the observed-cases analysis are shown. The boxes indicate the mean 
(±SE) at the end point in the analysis with the last observation carried forward in the intention-tortreat population: Pane) A 
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Figure 2. Other Efficacy Variables. 

The mean (±SE) scores at each specified time in the obseryed-cases analysis are shown; The boxes indicate the mean 
(±SE) at the end point in the analysis with the last observation carried.forward in the intention-to-treat population; Panel A 
shows the change from base line in Severe Impairment Battery (SIB) scores. Panel B shows the change from base line in 
Functional Assessment Staging (FAST) scores, calculated by enumerating the stages and substages as follows: stage 3 
(-2) through stage 5 (0) and substage 6a (1) through substage 7f (11). 
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disease (Mini-Mental State Examination score, 
10 to 14) and those with severe Alzheimer's disease 
(Mini-Mental State Examination score, less than 
10). A benefit of memantine as compared with pla- 
cebo was suggested for all outcome measures in 
both groups. 

The required caregiver time, as assessed by the 
Resource Utilization in Dementia score, was ana- 
lyzed in the intention-to-treat population with the 
last observation carried forward. The result was sta- 
tistically significant, indicating that caregivers spent 
less time with patients receiving memantine (dif- 
ference between treatment groups, 45.8 hours per 
month; 95 percent confidence interval, 10.37 to 
81.27; P=0.01). 

SAFETY AND TOLERABI LITY 

As expected in this population with moderate-to- 
severe illness, the majority of patients had adverse 
events during the study (84 percent with meman- 
tine and 87 percent with placebo). However, most 
adverse events were mild to moderate in severity 
and were either not related or unlikely to be related 
to the study medication (Table 3). The incidence 
rates for the frequendy reported adverse events in 
the memantine group were no more than 2 percent 
higher than in the placebo group. There were no 
clinically relevant differences between patients in 
the memantine and placebo groups in base-line as- 
sessments of clinical laboratory values, electrocar- 
diographic results, or measurements of vital signs. 

More patients receiving placebo than patients 
receiving memantine discontinued the study pre- 
maturely because of adverse events (22 [17 percent] 
vs. 13 [10 percent]). Agitation was the most com- 
mon reason for discontinuation (7 percent of those 
receiving placebo and 5 percent of those receiving 
memantine). Serious adverse events were report- 
ed in 23 patients receiving placebo (18 percent) 
and 16 patients receiving memantine (13 percent). 
There were seven deaths, two of which occurred in 
the memantine group. Two of these patients died 
within the 30-day period after the last dose of study 
medication. Most of the serious adverse events, 
including all of the deaths, were considered to be 
unrelated to the study medication. 



DISCUSSION 

This study provides evidence that modulation of 
NMDA receptors to reduce glutamate-induced exci- 
totoxicity alleviates the symptoms of Alzheimer's 



Table 3. Most Frequently Reported Adverse Events.* 



Memantine Placebo 
Adverse Event (N = 126) (N = 126) 



no. of patients (%) 



Any adverse event 


106 (84) 


; 109 (87) 


Agitation 


23 (18) 


40 (32) 


Urinary incontinence 


i 14 ;P) 


; :I :I4 (11) 


Urinary tract infection 


7(6) 


17 (13) 


Insomnia' 


13 (10) 


10(8) 


Diarrhea 


12 (10) 


10 (8) 



* Adverse events occurring in at least 10 percent of the pa- 
tients in either treatment group are reported. 



disease. This novel neurochemical approach is dis- 
tinct from the cholinomimetic mechanism of all cur- 
rendy approved treatments for Alzheimer's disease. 

This trial studied patients whose moderate-to- 
severe Alzheimer's disease compromised their abil- 
ity to perform both instrumental and basic activities 
of daily living independendy. 17 More than 95 percent 
of patients were in Functional Assessment Staging 
stage 6. All patients had difficulty putting on cloth- 
ing independently, and many also had difficulties 
with handling the mechanics of bathing and toilet 
use, and some patients also had difficulties main- 
taining continence. The significant differences ob- 
served in favor of the memantine group on the 
ADCS-ADLsev, the Functional Assessment Staging 
ratings, and the Severe Impairment Battery suggest 
reduced decline in these critical capacities, which 
was apparent in the global assessment of the pa- 
tients (CIBIC-Plus in the observed-cases analysis). 

The clinical relevance of treatment effects has 
been an issue in all trials of medication for Alzhei- 
mer's disease. Point differences between drug- and 
placebo-treated patients on quantitative scales do 
not necessarily indicate that these effects are clini- 
cally meaningful. Response analyses (rates of indi- 
vidual response) are often performed to illustrate 
the clinical relevance of results. In the present study, 
a significant difference in the predefined criterion 
for a response, which incorporated multiple end 
points, was observed. The treatment effects seen in 
the areas of cognition and function seemed to trans- 
late into improvements in the patients' behavior 
(less agitation in the adverse-events reports) and 
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mitigation of the burden on caregivers (fewer hours 
spent assisting the patient) . 

The results of the present study cannot be di- 
rectly compared with those of studies of other anti- 
dementia drugs (tacrine, donepezil, rivastigmine, 
and galantamine); virtually all published studies 
with these compounds have been performed in pa- 
tients with mild-to-moderate Alzheimer's disease. 
An exception is a recent study of donepezil by Feld- 
man et al. 27 However, even that study included pa- 
tients with less severe disease (the mean Mini- 
Mental State Examination score at base line was 
12) than those in the present trial, whose mean 
Mini-Mental State Examination score at base line 
was less than 8. The treatment effects of meman- 
tine in the present study and donepezil in the study 
by Feldman et al. are of similar size for the common 
end points, the CIBIC-Plus and the Severe Impair- 
ment Battery. Cholinergic compounds have gastro- 
intestinal side effects, whereas the tolerability of 
memantine in this study was found to be excellent. 
Future studies will need to examine whether me- 
mantine treatment and cholinergic treatment may 
ultimately prove to be complementary or even syn- 
ergistic. 



There are notable limitations to this study. The 
dropout rate for the total study population was 28 
percent, which is probably attributable to the rel- 
atively severe stage of disease in the study patients. 
The withdrawal rate was higher in the placebo group 
(33 percent) than in the memantine group (23 per- 
cent). The failure to obtain information at week 28 
for the majority of patients who discontinued the 
study prematurely limits the interpretation of the 
results. However, the average duration of randomly 
assigned therapy for patients in this 28-week trial 
was 24 weeks for both study groups. In three anal- 
yses, the effects of different strategies for replacing 
missing observations for all patients assigned to 
treatment were investigated, and the results did not 
change materially. Thus, our data indicate that me- 
mantine reduces decline in patients with moderate- 
to-severe Alzheimer's disease. 
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Dr. Reisberg, Dr. Doody, and Dr. Ferris report having received lec- 
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APPENDIX 

The following were members of the Memantine Study Group: J.T. Apter, Princeton Biomedical Research, Princeton, N.J.; B. Baumel, 
Baumel-Eisner Neuromedical Institute, Fort Lauderdale, Fla.; C. Bernick, Nevada School of Medicine, Las Vegas; J.S. Carman, Carman Re- 
search, Smyrna, Ga.; L.P. Charles, Southern New Jersey Medical Institute, Stratford; J. Corey-Bloom, University of California, San Diego; H. 
Cummins, Institute for Advanced Clinical Research, Elkins Park, Pa.; C. DeCarli, University of Kansas Medical Center, Kansas City; R 
Duara, Wien Center for Alzheimer's Disease, Miami Beach, Fla. ; E. DuBoff, Denver Center for Medical Research, Denver; N. Edwards, Univer- 
sity ofTennessee, Memphis; L. Eisner, Baumel-Eisner Neuromedical Institute, Fort Lauderdale, Fla.; M.R Farlow, Indiana University Cen- 
ter for Alzheimer's Disease, Indianapolis; S. Flitman, Neurology Group, Phoenix, Ariz.; R.H. Hubbard, Southwest Institute for Clinical 
Research, Rancho Mirage, Calif.; A. Jacobson, Neurological Consultants, Hollywood, Fla.; C.L. Jurkowski, Hampton Hospital, Westhamp- 
ton Township, NJ.; A. Kiev, Life Span Develop Mental Systems, Poughkeepsie, N.Y.; L.C. Kirby II, Medici Resarch Centers, Peoria, Ariz.; D. 
Margolin, 6335 N. Fresno St, Fresno, Calif.; C. Merideth, Affiliated Research Institute, San Diego, Calif.; J.E. Mintzer, Alzheimer's Re- 
search and Clinical Program, Charleston, S.C.; E. Pfeiffer, University of South Florida Suncoast Gerontology Center, Tampa; R Richter, St 
John's Doctor's Building, Tulsa, Okla.; C.H. Sadowsky, Premiere Research Institute, West Palm Beach, Fla.; P. Solomon, Memory Clinic, 
Bennington, Vt; S. Targum, Clinical Studies, Philadelphia; H. Tilker, Four Rivers Clinical Research, Paducah, Ky.; and M. Usman, Alzhei- 
mer's Center of Pittsburgh, Pittsburgh. 
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